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Abstract 
This thesis is concerned with the syntheses, characterization and investigations 
of the gelation properties of a series of bis-urea valine-based organogelators. The 
compounds were synthesized by appending two valine residues functionalized with 
aliphatic alkyi urea chains to a 3,5-diaminobenzoic acid core. In addition, the benzoic 
acid core was modified as ethyl and benzyl esters to further enhance their gelation 
power. The appropriate selection of protecting groups and functionalities contributed 
to the success of their syntheses. 
Investigations of gelation properties of these organogelators towards various 
organic solvents were conducted both qualitatively and quantitatively. The gelation 
mechanisms of the target organogelators were revealed using circular dichroism and 
infrared spectroscopy. Moreover, the morphological behaviors of organogels were 
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Chapter 1. Introduction 
1.1 Definition of gels 
In our daily life, gels are jelly-like substances that are much easier to be 
described or recognized rather than to be defined. ‘ They not only appear as a soft 
solid with no fixed shape, but also behave as a highly viscous liquid. In other words, 
gels can be considered as substances between solid and liquid phase, in which they do 
not exhibit a definite shape.� 
From a scientific point of view, the first attempt to define a gel was achieved 
by Lloyd in 1926.3 From a topological point of view, gels can be defined as dilute 
mixtures of at least two components, in which both components form a separate 
continuous phase throughout the system.^ Most gels usually consist of two 
components in which solid phase and liquid phase coexist. In these gels, the solid 
phase is the minor component which forms a three-dimensional network structure 
within the liquid phase. Besides, gels that are composed of solid phase and gas phase 
are known as aerogels, A more comprehensive definition of a gel was proposed by 
Flory in 1974.5 According to his definition, a substance is a gel if it has a continuous 
structure with macroscopic dimensions that was permanent on the time scale of an 
1 
analytical experiment, and is solid-like in its rheological behavior. 
In general, gels can be prepared from diluted solutions of polymers, proteins, 
or surfactants in water and organic solvents. They have been widely investigated and 
their applications can be found in cosmetics, food, photographic and petroleum 
industries.^ Besides the numerous potential applications of gels, it is interesting to 
know that these systems exhibit striking similarities to the process of molecular 
self-assembly.7 
Chemical gels and physical gels 
According to the type of interactions that hold the network structure together, 
gels can be classified into two categories, namely, chemical gels and physical gels.^ In 
chemical gels, a three-dimensional entangled network is established due to the 
formation of covalent bonds between the gelating molecules, and the formation of a 
chemical gel is thus an irreversible process. Cross-linked polymer gels are one of the 
typical examples of chemical gels.8 
On the contrary, the solid network of a physical gel is built up from small 
2 
gelating molecular units, which are held together by non-covalent interactions such as 
hydrogen bonding, n-K stacking, donor-acceptor interaction, dipole-dipole interaction, 
solvophobic interaction.^ As a result, the formation of a physical gel is a reversible 
process. In simpler words, physical gels exhibit a characteristic reversible transition 
from a gel phase to a solution at a specific temperature.丨。 
1.2 Organogels and organogelators 
During the last decades, a new class of physical gels, known as organogels, 
has been discovered.'' This novel class of physical gel is formed from organic 
compounds of low molecular weight also known as organogelators" These 
organogelators form a continuous three-dimensional entangled network in the solvent 
and result in the trapping of solvent molecules.^ 
Preparation of an organogel 
An organogel can be prepared by wanning an organogelator in an organic 
solvent until complete dissolution. The solution is then cooled slowly to a moderate 
temperature so as to induce gelation (Figure The nature of their networks 
3 
describes the strength of an organogel. Gels exhibit a solid-like, viscoelastic and 
mechanical behavior which are made of permanent networks are regarded as strong 
gels. On the contrary, gels exhibit a liquid-like viscoelastic behavior which are made 
of transient networks can be described as weak gels." 
/ R n Q 
organic solvent — ® ^ 产 — 一 ^ . 
— ^ _ ^ 
organogelator — o — 
^ L ^ _ ^ tzz: 
oil bath 
dissolution of 
organogelator cooling organogel 
upon heating 
Figure 1. Preparation of an organogel 
Gelation mechanism 
Gelation phenomena'"^ have been recognized for many years, but systematic 
investigations on the mechanism of gel formation are still under progress.'^ Gelation 
of organic solvents by organogelators is believed to occur through the initial 
self-assembly of gelator molecules into elongated fiber-like structures, which then 
ultimately form a continuous three-dimensional entangled network in the solvent, 
thereby preventing the liquid from flowing (Figure 2).^ In this way, these networks 
immobilize the solvent by capillary forces within the pores. 
4 
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molecules fiber-like entangled 
structure network 
Figure 2. Gelation process 
The driving forces for the self-assembly process ars due to non-covalent 
interactions, such as hydrogen bonding, k-k stacking, van der Waals interactions, 
ion-ion and dipole-dipole electrostatic interactions. The driving forces act in a 
cooperative matter to promote an efficient self-assembly process.^ However, the 
self-assembly process can also be affected by other factors including temperature, the 
nature and polarity of the solvent and molecular geometry of the gelator. 
1.3 Characterization of organogels and organogelators 
In order to investigate the physical and chemical properties of organogels and 
organogelators, several important physical parameters and various techniques are 
employed to characterize the physical properties of organogels. 
5 
Minimum gel concentration (MGC) 
Minimum gelation concentration refers to the minimum amount of 
organogelators that is required for gelation.'^ The unit of minimum gelation is usually 
expressed in % g/L. Obviously, the MGC values are solvent dependent. MGC not 
only represents the concentration of a solution required for a gelation phenomenon, 
but also the gelating ability of an organogelator toward a specific solvent system. 
The MGC of an organogelator in a specific solvent system can be obtained 
by dissolutions of different amounts of organogelators in a particular solvent system 
followed by visual examination of whether gel formation appears or not." 
Gel-sol phase transition temperature (Tg) 
Gel-sol phase transition temperature (Tg) is the temperature at which the gel 
transforms into a homogeneous liquid phase.丨7 The unit of Tg is expressed by °C or K. 
The significance of the Tg value of an organogelator in a particular solvent 
system can be used to express the quality of an organogel. For identical solvent 
systems, organogelator with a higher Tg value tends to form stronger gels.'^ 
6 
In order to determine Tg of an organogelator in a specific solvent system, 
inverted test tube method is usually used.^^ It is a simple and popular way for 
characterizing the Tg value.^® A n inverted test tube containing the organogel is 
investigated upon a gradual increase in temperature. The respective Tg value is the 
temperature at which the gel starts to melt and a downward f low of liquid is observed. 
The morphological behavior of organogels 
Besides physical parameters, an organogel can also be characterized by its 
morphological behavior] According to their light transmittance properties, gel system 
can further be classified into three categories, namely transparent gels (TG)， 
translucent gels (TLG) and opaque gels (OG). (Figure 3) 
I B I w p p 
| o l u t i o n t g TLG OG 塵 
Figure 3. The macro-morphology of gels formed by organogelators. The purple 
solution on the left is a potassium permanganate solution and is used as a reference. 
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Characterization of gelation properties 
Electron microscopy, such as scanning electron microscopic (SEM) is a powerful 
technique to investigate the physical morphology of gels."' It can be used to visualize 
the morphological structure of solid samples of organogels. Since gels are substances 
between solid and liquid phase, a freshly prepared organogel sample is therefore 
inappropriate for analysis using electron microscopy. A freeze-drying technique is 
employed to prepare the dried solid sample of organgels, so as to retain the 
morphological structure of the organogel ,� 
In order to characterize the structure of organogelators in various physical states, 
temperature-variable nuclear magnetic resonance spectrometry (NMR), fourier 
transform infrared spectroscopy (FT-IR), ultra-violet spectroscopy (UV) and 
temperature-dependent circular dichroism (CD) are common techniques used since 
the molecular motion of organogelators changes drastically during the gel-sol phase 
transi t ion.� 
Variable-temperature NMR is useful in the examination of the change in 
molecular motions during the gel-sol transition^" as the chemical shifts of the proton 
signals in the solution state differ significantly from that in the gel state. Besides, the 
8 
relaxation parameters of the nuclei of interest also vary significantly from one 
physical to another physical state. 
During the formation of an organogel, the driving force for gel formation if 
involved hydrogen bonding, can be revealed using FT-IR spectroscopy.^^ The IR 
absorption signals of free amine N - H or alcohol 0 - H is significantly different from 
those of hydrogen-bonded amine N - H or alcohol 0 - H . Once the free amine N - H or 
alcohol O - H is hydrogen-bonded, red-shifted of IR absorption signals will be 
observed. In addition, broad absorption signals can usually be observed for 
hydrogen-bonded molecules. ^ ^ 
The UV absorption maxima can also be significantly different between the 
solution and gelation states, especially when a gel formation is induced by tc-兀 
stacking interaction.'^ Hence, UV spectroscopy can be employed for investigation of 
the molecular environment of the organogelator in gel and solution state. 
Using temperature-dependent circular dichroism (CD), the arrangement of chiral 
organogelator molecules in an organogel can be revealed."^ A significant change in the 
CD signal intensity can be observed during gel-sol transition.^^ Hence, the mode of 
9 
aggregation of chiral organogelator molecules during gel formation can be studied.'^ 
1.4 Classes of organogelators 
Organogelators can be classified into several categories according to their 
chemical constitutions' such as fatty acid and steroid derivatives, cholesterol-based 
organogelators, carbohydrate-based organogelators, amino acid-based organogelators 
and urea-based organogelators. 
Fatty acid and steroid derivatives 
Fatty acid and steroid derivatives have been known to form gelatinous phases in 
organic solvents, but typically at high concentrations? For examples, compounds 1 - 3 
exhibit gelation towards a wide range of organic solvents "^  Compound 4 is a 
fluorocarbon-hydrocarbon di-block copolymer"^ and gels with saturated and aromatic 
hydrocarbon solvents. According to FT-IR measurement, the gels are stabilized by 
intermolecular hydrogen bonds. 
10 
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Gelation of organic solvents by substituted fatty acids and their metal salts has 
been recognized for centuries.^^ For example, the lithium salt 5 of 12-hydroxy-
octadecanoic acid has been used in the lubrication industry.^' The intermolecular 
interactions between the carboxylic acid groups enable the formation of multiple 
hydrogen bonds and the hydrophobic interactions among the hydrocarbon chain 




Steroid derivatives and their salts are known to be remarkable organogelators.^^ 
Some examples of gelating steroid derivatives 6 - 8 were shown below. These steroid 
gelators usually have a hydroxyl group at C3 and its ability of forming hydrogen 
bonds facilitates the formation of gels. Dihydrolanosterol 6 is a steroid gelator which 
11 
exhibits gelation toward various mineral, synthetic, animal and silicone oil.34 Steroid 
7, is the first steroid-based gelator for hydrocarbons, and it aggregates into helical 
fibers in which two of the helical fibers twist at the junction zones to form a three 
dimensional network. By modification of steroid 7，steroid 8 can be obtained. It 
demonstrates gelation with a greater variety of saturated hydrocarbons. Besides, the 
stability of the gel in saturated hydrocarbons is highly structure-dependent.^^ 
6 7 
Cholesterol-based organogelators 
Cholesterol derivatives have been extensively reported in the literature.^^ In 
contrast to steroid derivatives, the hydroxyl group at C - 3 position of cholesterol 
derivatives does not participate in the formation of intermolecular hydrogen bonds. In 
facts, the driving forces for the self-aggregation are mainly hydrophobic interactions. 
Azobenzene-cholesterol derivative 9 exhibits gelation with a diversity of solvents, 
12 
including alcohols, carboxylic acids, amines, ethers and esters.)? It consists of an 
azobenzene moiety which allows a transition between the gel state and the solution 
state upon photo-irradiation. As a result, it is an interesting class of photo-responsive 
gelator. 
Carbohydrate-based organogelators 
Another recognized class of organogelators is the carbohydrate derivatives. Since 
they consist of many polar hydroxyl groups, they are able to cause gelation with 
organic solvents, and also with aqueous solutions.^^ Benzylidene-sorbitol 10 can 
cause gelation with various organic solvents, such as dimethylsulfoxide and heptane.^^ 
It is important to note that only the pure enantiomer is able to form gels while the 
racemate crystallized from the solvent. Besides, intermolecular hydrogen bonding and 





Another similar class of carbohydrate derivatives 11-15 has been reported by 
Shinkai 40 Some of them can be regarded as “ supergelators" because they are able to 
cause gelation with numerous organic solvents at a M G C of 0.03-0.05% g/L. Such 
discovery is significant for the development of powerful organogelators with 
extremely low M G C v a l u e s ” 
H O 
H O H O OH H O 
13 14 15 
Amino acid-based organogelators 
In living organisms, amino acids play a significant role in constructing cellular 
14 
proteins. Therefore, amino acids and their derivatives are future candidates for 
development of biocompatible gelating materials."^' 
. * ,‘ 
Amino acid-based organogelators usually comprise amino acid residues and a 
relatively long hydrocarbon chain.42 The chirality of the amino acid is believed to be 
one of the significant factors for inducing gel formation. Besides, the hydrophilic 
carboxylic acid groups enhance intermolecular hydrogen bonding in the aggregates. 
The lipophilic hydrocarbon chain, on the other hand, promotes the intermolecular 
interactions, such as van der Waals' forces, between organogelator molecules during 
self-aggregation. The chirality of amino acids, together with the hydrophilic 
carboxylic acid groups and the lipophilic alkyl groups, work in a cooperative manner. 
As a result, the amino acid-based organogelators exhibit excellent gelation behaviors 
towards a wide range of organic solvents.'^^ Some examples are given below. 
Alkyl-amide derivative 16 consists of a long hydrocarbon chain and valine units.44 It 
shows gelation toward a wide range of solvents at low gelation concentrations. 
Phenylamine-based organogelator 17 is able to cause gelation with polar solvents, 
such as methanol and ethanol, through the formation of intermolecular hydrogen 
bonds between N - H and C = 0 of the urethane group.45 Besides, the long alkyl chain 
creates a local disorder and promotes aggregation. Valine and glutarmic acid-based 
15 
cyclophane 18 forms gels with tetrachloromethane'^^ due to the formation of highly 
directional hydrogen bonds between the amide groups. Cyclophanes 19 consist of two 
valine units tied up by a hydrocarbon chain and an aromatic ring. They demonstrate 
good gelation properties in various organic solvents.47 The driving forces for 
self-aggregation are intramolecular and intermolecular hydrogen bonds, lipophilic 
interactions and k-k stacking. 
H 9 Y H HN-C,6H33 
6 人 W r 力 
16 17 
丫 ,(CH+ 
HN 〜 O O ^ N H H N ^ O 
� • ^ ^ A / r 
18 19(n = 3,4,6) 
Urea-based organogelators 
The nature of urea group enables itself to simultaneously act both as a donor and 
an acceptor of hydrogen bond. The extensive formation of hydrogen bonds enhances 
intermolecular interactions and promotes self-assembly of gelator molecules. As a 
result, urea derivatives are another class of organogelators possessing powerful 
gelating capabilities."^^ Two examples including azobenzene derivatives are shown 
16 
here. The bis-urea derivative 20 contains urea moieties as well as a hydrocarbon chain. 
Therefore, it is one of the potential biocompatible gelators in both organic solvents 
and aqueous solution.49 Azobenzene derivative 21 can be employed as biocompatible 
material.5a Its visual colour and photo-responsive abilities can find potential 
applications in medical aspects such as biosensor.^' 
/ - A X VNH-n-C,2H25 




In recent years, the synthesis of organogelators has been gaining growing 
interest.52 It is not only because it is an interesting topic from the scientific point of 
view, but also numerous fields of applications including medical aspect, 




The nonionic surfactant-based organogel, sorbitan monostearate 22, 
demonstrates gelation behavior towards a number of organic solvents such as 
octadecane, various esters and vegetable oils.^^ The resulting organogel can be applied 
in drug delivery systems including vaccines for hydrophobic and hydrophilic drugs. In 
the presence of the organogelator, a mixture of aqueous solution and organic solvent 
forms an emulsion at a relatively high temperature (60 °C). Then, a transition from an 
emulsion to the gel state takes place upon cooling and so a gel is formed. Active 
medical ingredients such as enzymes or antigens can be entrapped into the gels and 
can be delivered in a non-aqueous m e d i u m , 
户 H o 




Organogelators can now be used in the recovery of spilled crude oil in the ocean. 
Long hydrophobic alkyl chains in some organogelators are able to form gels with 
18 
spilled oil due to hydrophobic interactions. As a result, the environmental pollution 
can be reduced. Besides, disposal of used cooking oil frequently involves gels or 
complex microemulsions.i The discharge of oil waste products is thus convenient and 
environmental friendly. Furthermore, it can be used as hardeners for toxic solvent 
spills.55 The toxic solvent is immobilized and can be treated safely. 
Material science 
Aerogel can be prepared by evaporating the solvent from a gel. Membranes of 
aerogel networks which provide voids with particular range of diameters can be used 
for purification and separation. One example is to prepare aerogel membranes with 
micron diameters.^^ By removing the gelator, tetraoctadecyl-ammonium bromide, 
from the polymerized gels of styrene, membranes with mesoscopic channels can be 
prepared. These channels have potential applications as membranes for purification 
and separation. Besides, partial removal of gelator molecules can also be used as 
complexing agents for chromatography.^^ Another example is to prepare an organic 
aerogel in supercritical fluid carbon dioxide.^^ A three-dimensional network with 
numerous vesicles can be obtained after the controlled release of pressure and escape 
of carbon dioxide. A membrane with the remaining network can thus be utilized as 
powerful separation tools and selective absorber.^^ 
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Chemical applications 
•: Application of organogelators in construction of materials for template-synthesis 
has also been reported.^^ For example, in the preparation of helical transition metal 
oxide tubes, chiral organogelators can be used as a structure-directing agent for the 
creation of chiral nanosturcture of inorganic materials.^' After the synthesis, the 
removal of gelator template can be achieved by heating to the gel-sol phase transition 
temperature since the template gels are thermo-reversible. The tubular helical fiber 
materials of metal alkoxides using chiral organogelators as templates can be 
prepared.^" 
1.6 Origin of research project 
This research project is formulated due to an accidental finding in our group that 
some amino acid-containing aromatic dendrimers possess unusual gelation properties 
towards a number of organic solvents，� Some amino acid-based aromatic dendrons 
were synthesized earlier in another project in our group, and were found to possess 
interesting gelation behaviour towards a wide variety of organic solvents.64 Moreover, 
the work has been extended to construct some amino acid-based dendrimers using 
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alanine, valine and phenylalanine. It is found that a Boc-protected valine ethyl ester 
23 was a relatively good organogelator toward a wide variety of aromatic solvents 
such as anisole, benzene, nitrobenzene, toluene and xylenes. 
In this thesis, we described our research outcome on the syntheses, 




o … 。 
O, M OEt 
V n h 
B o c H N ^ 
厂 2 3 
21 
Chapter 2. Synthesis and Characterization 
2.1 Structural modification of the Lead compound 
A review of the literature suggested carbamate^^ and urea^^ functionalities 
are commonly found in organogelators. Besides, long hydrocarbon chains are required 
to create local disorder so as to prevent the self-assembled aggregation from 
crystallization during the course of gelation.^^ Hence, the Boc-protecting groups on 
the lead compound 23 are one of the groups that will be modified. Alkyl urea 
functional groups are therefore introduced to replace the Boc-protecting groups. 
Secondly, it is reasoned that replacement of the ethyl ester group with an ester moiety 
containing an aromatic substituent can further promote intermolecular k-k stacking 
between the organogelator and the aromatic solvents. Therefore, our second direction 
is to improve the gelation power of the lead compound 23 by replacing the ethyl ester 
with a benzyl ester. 
c W 力 — o 
B o c H N ^ 
�r h 
Figure 4. Structural modification of the lead compound 23 
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Hence, in this research project, a new series of urea-containing valine-based 
organogelators with an ethyl or a benzyl ester side chain and two urea moieties of 
different alkyl chain lengths are synthesized for further gelation studies. The general 
structures of the target organogelators are shown below: 
H H y-NH 
O >= \ p 
H h J M H 
CH3(CHAZ丫、厂 
24 R = Et 
2 5 R = B n 
a n = 3 ; b n = 4 ; c n = 5 ; d n = 6 ; e n = 9 ; f n = 1 0 ; g n = 1 2 ; h n = 1 5 ; i n = 1 8 ; j n = 20. 
2.2 Retrosynthetic analysis 
A proposed synthetic scheme of target organogelators was devised as followed 
(Scheme 1). First, removal of Boc-protecting groups from the lead compound 23 can 
afford a diamino valine ethyl ester 26. Then, by reacting compound 26 with various 
O-succinimidyl alkylcarbamates 27, the target series of bis-(urea valine) ethyl esters 
24 can be obtained.^^ Upon base hydrolysis, the ethyl ester protecting group on the 
compound 24 can be removed to give bis-(urea valine) acid derivatives 28. Finally, 
benzylation of carboxylic acid group in compound 28 can afford the target series of 
bis-(urea valine) benzyl esters 25. 
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B O C H N - ( H J N ^ 
^ N H ^ N H 
O >=\ p o >=\ p  
V-NH y-NH 0 \ 
厂 厂 H H V-NH 
23 26 c T ^ O 
H H ^ N H 
CH3(CH2)n"^Y ) - 24 
H H y-NH H H y-NH 
a ^ 
H H_/-NH H H J M H 
C H 3 ( C H 2 ) /丫 ：‘广 25 C H 3 ( C H 2 ) /丫 厂 28 
a n = 3 ; b n = 4 ; c n = 5 ; d n = 6 ; e n = 9 ; f n = 1 0 ; g n = 1 2 ; h n = 1 5 ; i n = 1 8 ; j n = 20. 
Scheme 1. Proposed synthetic scheme of the target organogelators 
However, it was later found that we were unable to convert the bis-(urea valine) 
ethyl esters 24 directly to the acid derivatives 28 by base hydrolysis due to the poor 
solubilities of the latter compounds. The proposed synthetic scheme could only 
achieve the syntheses of the target series of the bis-(urea valine) ethyl esters 24. In 
fact, the syntheses of the target series of the bis-(urea valine) benzyl esters 25 were 
not conducted according to the aforementioned scheme. Hence, another synthetic 
approach was employed for the syntheses of the target series of the bis-(urea valine) 
benzyl esters 25. 
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On the other hand, the target series of bis-(urea valine) benzyl esters 25 can be 
synthesized from the corresponding benzyl ester derivative 29 of the lead compound 
23 (Scheme 2). Similarly, removal of Boc-protecting groups from the benzyl ester 29 
can afford a diamine benzyl ester 30. By reacting diamino benzyl ester 30 with the 
respective O-succinimidyl alkylcarbamates 27, the target series of bis-(urea valine) 
benzyl esters 25 can be obta ined�This alternative approach does not involve the 
reaction of poorly soluble bis-(urea valine) derivatives and therefore provides a direct 
pathway of syntheses towards the target series of bis-(urea valine) benzyl esters 25. 
B o c H N - { H 2 N - \ 
y-NH >-NH 
o y = \ p deprotection • > = \ O 
0\ V ^ O B n ^ O V ^ O B n 
Vnh }-nu 
B o c H N - { H j N ^ 
^ 29 30 
H H ^ N H 
urea formation O / \ /P 
O ^ W i ^ B n 
H H > - N H 
N NI~( 
CH3(CH丄zN 丫 N ： 
0 / 2 5 
an = 3 ; b n = 4 ; c n = 5 ; d n = 6 ; en = 9;fn = 10;gn= 12 ;hn= 15 ; in= 18; j n = 20. 
Scheme 2. Alternative syntheses of target organogelators 
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2.3 Synthesis 
Preparation of the lead compound 23 
The synthesis employed 3,5-diaminobenzoic acid 31 as the starting material 
(Scheme 3). Esterification of the starting material 31 using ethanol and concentrated 
sulphuric acid afforded ethyl 3,5-diaminobenzoate 32.68 Then, attachments of 
BOC-NH-L-valine to ethyl 3,5-diaminobenzoate 32 could be achieved by using 
1 -ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ) as the coupling reagent. 
The two amino groups of the compound 32 were coupled with Boc-NH-L-valine, 
using EEDQ methodology,^^ to obtain the lead compound 23. Removal of the 
Boc-protecting groups on the lead compound 23 could be achieved by using TFA in 
dichloromethane, followed by treatment with aqueous NaHCO; solution to afford the 
diamino compound 26.68 
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Scheme 3. Reagents and conditions: i) EtOH, conc. H2SO4, reflux, 18 h, 92%; ii) 
Boc-NH-L-valine, EEDQ, THF, 82%; i i i ) � TFA, CH2CI2, (b) aq. NaHCOs, 98%. 
Preparation of O-succinimidyl alkyi carbamates 27 
In order to prepare the target series of bis-(urea valine) organogelators, a series 
of O-succinimidyl alkyl carbamates 27 with different alkyl chain lengths should be 
prepared.^^ The syntheses started from the various alkanoic acids 33 (Scheme 4). 
Hence, carboxylic acids 33 were converted to the corresponding acyl azides 34, by 
reacting with ethyl chloroformate in the presence of AA-methylmorpholine (NMM) 
followed by treatment with aqueous sodium azide solution. Upon heating of acyl 
azides 34 in toluene at 65 °C，the isocyanates 35 were generated in situ and trapped 
with A^-hydroxysuccinimide in the presence of pyridine to obtain the various 
O-succinimidyl alkylcarbamates 27. As a result, the series of O-succinimidyl 
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alkylcarbamates 27 with various lengths of alkyl chain were prepared in 76-85% 
overall yield from the carboxylic acid 33. 
OH N3 
33 34 
N=C=0 (iii) 9 V a 
CH3(CH2)； ^ CH3(CH2)„�n 儿 
- J H o 
35 27 
a n = 3 ; b n = 4 ; c n = 5 ; d n = 6 ; e n = 9 ; f n = 10;gn = 12;hn = 15;in = 18;jn = 20. 
Scheme 4. Reagents and conditions: i) (a) EtOCOCl, NMM, THF, —20 (b) aq. 
NaNs, - 5 oC; ii) toluene, 65 iii) 7V-hydroxysuccinimide, pyridine (76-85%). 
Syntheses of bis-(urea valine) ethyl esters 24 
Having the O-succinimidyl alkylcarbamates 27 in hand, the bis-(urea valine) 
ethyl esters 24 could be obtained by reacting the free amino groups on compound 26 
with the respective O-succinimidyl alkylcarbamate 27 in the presence of 
diisopropylethylamine (Scheme Since the series of bis-(urea valine) ethyl esters 
24 were found insoluble in common organic solvents such as THF, the insoluble crude 
solid product was filtered, collected and washed with boiling «-hexane, acetone and 
THF successively to afford the white solid product. Accordingly, the series of 
bis-(urea valine) ethyl esters 24 were synthesized in 86-94% as white solids. 
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a n = 3; b n = 4; c n = 5; d n = 6; e n = 9; f n = 10; g n 二 12; h n = 15; i n = 18; j n 二 20. 
Scheme 5. Reagents and conditions: i) O-succinimidyl alkylcarbamates 27, 
diisopropylethylamine, THF (86-94%). 
Preparation of the Boc-protected valine benzyl esters 29 
Since the direct conversion of the bis-(urea valine) ethyl esters 24 to the acid 
derivatives 28 failed because of their poor solubilities of the latters, a new route was 
devised for the preparation of the Boc-protected valine benzyl esters 29 (Scheme 6). 
The syntheses started with 3,5-diaminobenzoic acid 31. The two amino groups in 
compound 31 were reacted with di-/er/-butyl dicarbonate to give the Boc-protected 
acid 36，The carboxylic acid group was then converted to the corresponding benzyl 
ester 37 by reacting compound 36 with benzyl bromide in the presence of anhydrous 
K2CO3 and 18-crown-6. Removal of the Boc-protecting groups on compound 37 was 
achieved by treatment with trifluoroacetic acid in dichloromethane, followed by 
reaction with aqueous NaHCOs solution to afford benzyl 3,5-diaminobenzoate 3 8 / ' 
The two free amino groups of the ester 38 were then coupled to Boc-NH-L-valine, in 
the presence of EEDQ, to afford Boc-protected valine benzyl ester 29. 
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Scheme 6. Reagents and conditions: i) di-/er/-butyl dicarbonate, NaOH, THF (97%); 
ii) BnBr, anhydrous K2CO3, 18-crown-6, acetone, reflux (75%); iii) (a) TFA, CH2CI2, 
(b) aq. NaHCOs, (87%); iv) Boc-NH-L-valine, EEDQ, THF (83%). 
Syntheses of bis-(urea valine) benzyl esters 25 
The Boc-protecting groups on the ester 29 could be removed by using TFA in 
CH2CI2, followed by treatment with saturated NaHCOs solution to give the diamino 
valine benzyl ester 30 (Scheme 7). By reacting the free amino groups on the diamino 
compound 30 with the respective O-succinimidyl alkylcarbamates 27 in the presence 
of diisopropylethylamine gave the series of bis-(urea valine) benzyl esters 25. 
Similarly, the series of bis-(urea valine) benzyl esters 25 were found insoluble in THF, 
the insoluble crude solid product was filtered, collected and washed with boiling 
/7-hexane, acetone and THF successively to afford the white solid product in 88-94%. 
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a n = 3 ; b n = 4 ; c n = 5 ; d n = 6 ; e n = 9 ; f n = 1 0 ; g n = 1 2 ; h n = 1 5 ; i n = 1 8 ; j n = 20. 
Scheme 7. Reagents and conditions: i) (a) TFA, CH2CI2, (b) aq. NaHCO], (98%); ii) 
O-succinimidyl alkylcarbamate 27, diisopropylethylamine, THF (88-94%). 
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2.4 Characterization of the target compounds 
All the synthesized compounds were characterized by and nuclear 
magnetic resonance spectrometry, mass spectrometry, elemental analysis, melting 
point determination and optical polarimetry. 
2.4.1 Nuclear Magnetic Resonance Spectrometry 
Due to the poor solubilities of the target compounds in chloroform and acetone, 
their 丨H and '^C NMR spectra were recorded in DMSO-^- In addition, the 'H and '^C 
NMR spectra of analogues with thirteen or more carbons of the aliphatic hydrocarbon 
chains were recorded at 100 °C so as to avoid gelation of solvent. 
'H NMR analysis of bis-(urea valine) ethyl esters 24 
In the 'H NMR spectra of bis-(urea valine) ethyl esters 24，the presence of the 
aliphatic chains and urea moieties can be clearly revealed by their corresponding 
protons signals in the expected chemical shift region (Table 1). It was found that the 
methyl signals of the aliphatic chains appeared as a triplet at � 5 0.86，while the 
methylenes of the aliphatic chains were located in close proximity to the signals of the 
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valine side chain. On the other hand, the isopropyl group of the valine residue 
overlapped to those of the methylenes of the aliphatic chains. The NH protons due to 
the urea groups were different and they appeared as a doublet at 5 6.02 and a triplet at 
5 6.05. The ethyl ester group appeared as a triplet at 5 1.32 and a quartet at 6 4.28. 
Finally, the aromatic protons of the 3,5-diaminobenzoate core appeared as two 
singlets at 6 7.97 and 6 8.20. 
Table 1. The characteristic proton signals of bis-(urea valine) ethyl esters 24. 
Functionalities Chemical shift (5 ppm) Multiplicity lype of proton 
0.86 t CHiCHi 
Aliphatic  
1.10-1.55 m aliphatic H 
hydrocarbons  
3.02 q NHC//2CH2 
0.92 and 0.96 d NHCHCH(C^j)2 
Valine residue 1.90—1.98 m NHCHC//(CH3)2 
4.17 dd NHC//CH(CH3)2 
6.02 d N//CH 
Urea  
6.05 t N//CH2 
1.32 t OCU2CH3 
Ethyl ester  
4.28 q OCi/2CH3 
• 7.97 s aromatic H 
Aromatic core  
8.20 s aromatic H 
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For the organogelators with more than thirteen carbons on the side chain, 
gelation of the solvent DMSO-Ja occurred during the course o f N M R experiments. As 
a result, their N M R spectra were recorded at high temperature and by variable 
temperature N M R spectroscopy. For example, the temperature dependent spectra 
of the bis-(urea valine) ethyl ester 24g were recorded at 25 °C, 75 °C, 90 °C and 120 
°C，(Figure 5). It was observed that almost no ^H signals were recorded at 25 °C. At 
75 °C, the sample still existed in the gel state and the 'H signals were very broad. At 
90 °C, part of the organogel became a solution and resulted in signal enhancements. 
As the temperature gradually increased, the signals in the spectrum became sharper. 
The organogel turned into a solution at 120 °C and hence the signals were resolved 
clearly. 
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Figure 5. Variable-temperature 'H NMR spectra of 24g. 
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'H NMR analysis of bis-(urea valine) benzyl esters 25 
Similar to the case of the ethyl ester series, the 'H NMR spectra of the bis-(urea 
valine) benzyl esters 25 were elucidated by their corresponding protons signals at the . 
expected chemical shift region (Table 2). The main difference was the presence of the 
benzyl ester signals locating at 5 5.24 and 6 7.35-7.47. 
Table 2. The characteristic proton signals of bis-(urea valine) benzyl esters 25. 
Functionalities Chemical shift (5 ppm) Multiplicity Type of proton 
0.86 t CH2CH3 
Aliphatic  
1.10-1.55 m aliphatic H 
hydrocarbons  
3.02 q NHC//2CH2 
0.90-1.00 d NHCHCH(Cft)2 
Valine residue 1.90—1.98 m NHCHC//(CH3)2 
4 .18 dd N H C / / C H ( C H 3 ) 2 
6.04 d N//CH 
Urea  
6.07 t N//CH2 
5.24 s OC//2Ph 
Benzyl ester  
7.35-7.47 m ArH 
7.98 s aromatic H 
Aromatic core  
8.26 s aromatic H  
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'^ C NMR analysis of bis-(urea valine) organogelators 24 and 25 
The 13c signals of the organogelators can be grouped into three separate regions 
and the assignments are summarized (Table 3). Firstly, in the downfield region, the 
'^C signals located at 6 157, 165 and 171 are attributed to the urea, ester and anilide 
C=0 groups, respectively. Secondly, the '^C signals of the central 
3,5-diamino-substituted aromatic core are scattered between 5 110—140, while the 
aromatic signals due to the benzyl ester are found at �S 127-135. Finally, the '^C 
signals of the valine side chain and the aliphatic hydrocarbon are located in a range of 
6 12—66. Specifically, the '^C signal situated at 6 58 corresponds to the valine 
a-carbon connected to the urea moiety. The methylene carbon signals of the ethyl 
esters 24 and benzyl esters 25 are found to locate at 6 60 and 5 66, respectively. All of 
the remaining aliphatic '^C signals are due to the aliphatic carbons and some of the 
resonance peaks overlapped with each other. Hence, the number of the observed 
signals is less than the theoretically predicted one. 
One of the '^C signals of the aliphatic carbons (-CH2NH) is found located at 5 39 
and is often buried within the residue solvent signals of DMSO-^4. For the 
organogelators with longer aliphatic chains, this signal is too weak to be observed and 
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the assignment can only be made based on the chemical shift value of other homologs 
in which this signal could be observed/^ 
Table 3. The characteristic carbon signals of bis-(urea valine) benzyl esters 25. 
Functionalities Chemical shift (5 ppm) Type of carbon 
aliphatic carbons 
Aliphatic carbons 12-66 
and valine residue 
110-140 aromatic core 
Aromatic carbons  
127-128, 135 benzyl 
157 urea 
Carbonyl carbons 165 ester 
171 anilide 
2.4.2 Mass spectrometry 
High-resolution mass spectra were recorded for all the synthesized compounds 
respectively. The experimental determined results are in accordance with the 
theoretical values. For the low-resolution spectra, in addition to the molecular ion 
(M+)，peaks due to the dimeric species (M： )^ are sometimes observed. For examples, 
organogelators 24a and 24b showed peaks at m/z 1153 (M2+) and 1208 (M2+), which 
corresponded to their dimeric ion peaks respectively (Figure 6). 
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However, some of the organogelators with very poor solubilities in organic 
solvents showed a relatively low abundance for their molecular ion peaks during 
analysis. 
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Figure 6. Low-resolution mass spectrum (FAB) of 24a. 
2.4.3 Elemental analysis 
All synthesized organogelators were purified and dried before submitting to 
elemental analysis. The results of the analyses of bis-(urea valine) organogelators 24 
and 25 are in accordance with the theoretical values. Generally, the experimental 
values deviate from the theoretical value in less than 0.4%. 
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2.4.4 Melting point determination 
All synthesized organogelators were purified and dried for melting-point 
determination and the results were tabulated (Figure 7). The measured melting points 
of the solid organogelators ranged from 210 to 250 °C. Generally, the benzyl esters 
25 have a higher melting point as compared to ethyl ester 24 derivatives having the 
same number of aliphatic carbons. It is likely that the presence of the benzyl ester 
would probably promote efficient packing of molecules due to 兀-兀 stacking. Besides, 
the organogelators with a longer alkyl chain were found to have a higher melting 
point, relative to analogs with a shorter alkyl chain. This was probably due to the van 
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Figure 7. The melting points of bis-(urea valine) organogelators 24 and 25. 
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2.4.5 Optical polarimetry 
The polarimetry analyses of all synthesized organogelators were tabulated (Table 
4). The measurements were conducted in spectroscopic grade DMSO so as to avoid 
aggregation or gelation. No significant change in specific rotations of each series of 
organogelators was observed. This suggests that the length of hydrocarbon chain is 
not a significant factor affecting the molecular optical activities. Also, the identity of 
the ester moiety does not cause a significant change in the specific rotation. Since 
both series of organogelators were constructed using valine as the amino acid residues, 
it was believed that the chirality of organogelators was mainly dependent on the 
chirality of the amino acid residues. 
Table 4. Specific rotations of target organogelators 24 and 25. 
Bis-(urea valine) ethyl ester 24 Bis-(urea valine) benzyl ester 25 
Compound Specific rotation [ a f ^ Compound Specific rotation 
24a +64.2 (c 1.00) ^ +62.4 {c 1.01) 
24b +63.0 (c 1.00) ^ +57.9 {c 1.08) 
24c +62.8 (c 1.00) ^ +63.6 {c 0.99) 
24d +62.8 (c 1.00) ^ +59.7 (c 1.05) 
24e +53.2 (c 1.00) ^ +53.9 (c 1.00) 
24f 4-52.8 (c 1.00) ^ +52.3 {c 1.02) 
24g +52.3 (c 1.00) ^ +53.9 {c 0.99) 
24h +51.8 (c 1.00) ^ +50.5 {c 1.05) 
24i +60.3 (c 0.80) ^ +52.5 {c 1.01) 
24j +63.0 (c 0.80) 25j +53.1 {c 1.00) 
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Chapter 3. Investigation of Gelation Behaviors 
The gelation behaviors of bis-(urea valine) organogelators in various organic 
solvents are examined. The results are summarized according to the nature of the ester 
functionality. 
3.1 Gelation behaviors of bis-(urea valine) ethyl esters 
The gelation behaviors of bis-(urea valine) ethyl esters 24 were examined at 
gelator concentration of 2% w/v in different solvent. The series of organogelators 24 
were found to be insoluble in common non-aromatic organic solvents (Table 5). In 
contrast, they were soluble in organic solvents of high polarity such as 1,4-dioxane, 
DMF and DMSO upon warming the longer aliphatic chain analogues (n > 10) formed 
translucent gels after cooling (Figure 8). The solubilities of the organogelators 24 
towards aromatic solvents were also investigated and all analogues in the series were 
soluble upon warming. Interestingly, the higher homologues (n > 10) were also found 
to form transparent gels upon cooling (Figure 9). 
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Table 5. Gelat ion propert ies of bis-(urea valine) ethyl esters 24 at 2 % w/v. 
( M n s o l u b l e ; P二precipitate; S=soluble; TLG=translucent gel; TG- t ransparen t gel.) 
solvent 24a 24b 24c 24d 24e 24f 24g 24h 24i 24j 
THF I I I _ I I I I P P P 
acetone I I I I I I I I I I 
chloroform I I I I I I I I I I 
dichloromethane I I I I I I I I I I 
ethyl acetate I I I I I I I I I I 
hexane I I I I I I I I I I 
1,4-dioxane S S S S S S S S TLG TLG 
DMF S S S S S S S TLG TLG TLG 
DMSO S S S S S TLG TLG TLG TLG TLG 
anisole S S S S S S TG TG TG TG 
benzene S S S S S S TG TG TG TG 
benzyl alcohol S S S S S TG TG TG TG TG 
o-dichlorobenzene S S S S S TG TG TG TG TG 
nitrobenzene S S S S S S TLG TLG TLG TLG 
toluene S S S S S S TG TG TG TG 
o-xylene S S S S S TG TG TG TG TG 
：.• iBiilP 
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Figure 8. The translucent organogels of bis-(urea valine) ethyl esters 24j in (1) 
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Figure 9. The transparent and translucent organogels of bis-(urea valine) ethyl ester 
24j in (1) anisole, (2) benzene, (3) benzyl alcohol, (4) o-dichlorobenzene, (5) 
nitrobenzene, (6) toluene, (7) o-xylene. The first one on the left in each figure is an 
aqueous KMnCU solution. 
3.2 Gelation behaviors of bis-(urea valine) benzyl esters 
Similarly, the gelation behaviors of bis-(urea valine) benzyl esters 25 were 
examined at gelator concentrations 2% w/v in various solvents (Table 6). Generally 
speaking, the solublitiy properties of the benzyl ester series were not very much 
different f rom those of the ethyl ester series. Hence, the benzyl esters were insoluble 
in non-aromatic organic solvents and were soluble in poor aprotic and aromatic 
solvents. It was observed that the benzyl esters demonstrated similar gelation 
behaviors as the ethyl esters. However, it was important to notice that more analogues 
of the benzyl esters demonstrated gelation properties in aromatic solvents, as 
compared to the ethyl esters (Figure 10). 
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Table 6. Gelat ion propert ies of bis-urea val ine benzyl esters 25 at 2 % w/v. 
( l=insoluble; P二precipitate; S=soluble; TLG=trans lucent gel; TG=transparent gel) 
solvent 25a 25b 25c 25d 25e 25f 25g 25h 25i 25j 
THF I I I 1 P P P P P P 
acetone I I I I I I I I I I 
chloroform I I I I I I I I I I 
dichloromethane I I I I I I I I I I 
ethyl acetate I I I I I I I I I I 
ethylene glycol I I I I I I I 1 I I 
hexane I I I I 1 I I I I I 
petroleum I I I I I I I I I I 
water I I I I I I I I I I 
1,4-dioxane S S S S S S TLG TLG TLG TLG 
DMF S S S S S S TLG TLG TLG TLG 
DMSO S S S S S TLG TLG TLG TLG TLG 
anisole S S S S S TG TG TG TG TG 
benzene S S S S S S TG TG TG TG 
benzyl alcohol S S S S TG TG TG TG TG TG 
o-dichlorobenzene S S S S TG TG TG TG TG TG 
nitrobenzene S S S S S TLG TLG TLG TLG TLG 
toluene S S S S TG TG TG TG TG TG 
o-xylene S S S S TG TG TG TG TG TG 
— — — 
r 1 
丨..m 
1 2 3 4 5 6 7 
Figure 10. The transparent and translucent organogels of bis-(urea valine) benzyl ester 
25j in (1) anisole, (2) benzene, (3) benzyl alcohol, (4) o-dichlorobenzene, (5) 
nitrobenzene, (6) toluene, (7) o-xylene. The first one on the left is an aqueous K M n 0 4 
solution. 
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As the benzyl ester derivatives showed better gelation properties, the gelation 
behavior was further investigated in alcoholic and alicyclic solvents using 25j (Table 
7). It was observed that the organogelator 25j formed opaque gels in alcoholic 
solvents and translucent gels in alicyclic solvents, respectively (Figure 11). 
Table 7. Gelation behaviors of bis-(urea valine) benzyl ester 25j at 2% wt/v. 
(OG=opaque gel; TLG=translucent gel.) 
solvent benzyl ester 25j 
1-butanol OG  
1-heptanol OG 





alicyclic solvents  
cyclooctanol TLG 
cyclooctene TLG 
T i T — i 「 厂 ， 
1 2 3 4 5 6 7 8 
Figure 11. The opaque and translucent organogels ofbis- (urea valine) benzyl ester 25j 
in (1) 1-butanol, (2) 1-heptanol, (3) 2-octanol, (4) 1-dodecanol, (5) cyclopentanol, (6) 
cyclohexene, (7) cyclooctanol, (8) cyclooctene. The first one on the left in each figure 
is an aqueous KMnCU solution. 
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3.3 Effect of lengths of hydrocarbon chains on gelation behaviors 
Based on the experimental results, organogelators 24 and 25 with longer 
aliphatic hydrocarbon chains (n > 10) exhibited better gelation behaviors in aromatic 
solvents. However, at a constant gelator concentration of 2% w/v, the effects of 
aliphatic hydrocarbon chains of organogelators on their gelation powers were not 
revealed. Hence, the gelation powers of the organogelators were compared by the 
determination of their minimum gelation concentrations (MGC) in different solvents 
(Table 8). Among the analogs in the series, organogelators, 24j and 25j, with the 
longest alkyl chains (n = 20) the lowest MGC values, although the difference in MGC 
values were not very much significant amongst the higher homologs. This was 
probably due to a stronger hydrophobic interaction between the organogelator 
molecules with longer aliphatic chains during gel formation. The presence of long 
aliphatic chains also prevented the organogelators from crystallization by creating a 
local disorder. However, it was interesting to note that compounds with less than or 
equal to eight carbon units in the side chain failed to produce gelation. 
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Table 8. The minimum gelation concentration in w/v % of bis-(urea valine) 
organogelators in aromatic solvents at room temperature. 
bis-(urea valine) ethyl ester 24 
solvent 24f 24g 24h 24i 24j 
benzyl alcohol 2.0 2.0 1.7 1.5 1.5 
o-dichlorobenzene 2.0 1.8 1.8 1.8 1.5 
…xylene 2.0 2.0 1.9 1.5 1.6 
bis-(urea valine) benzyl ester 25 
solvent m ^ ^ ^ 25j 
benzyl alcohol 1.8 1.8 1.5 1.2 1.0 
o-dichlorobenzene 1.5 1.2 1.3 1.0 0.8 
o-xylene 1.6 1.5 1.5 1.0 1.0 
3.4 Effects of ester protecting group on gelation behaviors 
The experimental results above also revealed that more analogs of the benzyl 
esters showed gelation than those of the ethyl esters. As it turned out the benzyl ester 
organogelators 25j generally showed lower MGC values than those of ethyl ester 
organogelators 24. It was suggested that the benzyl esters possessed better gelation 
abilities fhan the ethyl esters. It was probably due to a stronger k-k stacking 
interaction between organogelator and solvent molecules during gel formation. 
Therefore, the additional intermolecular k-k stacking interactions between the benzyl 




Based on the above results, several conclusions regarding the gelation properties 
of the synthesized compounds can be drawn. Firstly, the target organogelators 
demonstrated good to excellent gelation behaviors towards some organic solvents, 
such as aromatic, alcoholic and alicyclic solvents. Hence, the spectrum of gelation 
solvents is expanded, comparing the current series of compounds to our lead 
compound 23.6^ The target organogelators also showed improved gelation abilities. It 
is believed that the presence of urea functionalities promotes the formation of 
intermolecular hydrogen bonds, and thus self-assembly is favored. Secondly, 
organogelators with the longer alkyl chains possess greater gelation powers. Thirdly, 
organogelators possessing a benzyl ester group exhibit better gelation abilities than 
those possessing an ethyl ester. Amongst those organogelators, the bis-(urea valine) 
benzyl ester 25j (n 二 20) was found to be the most powerful organogelator. Hence, 
this compound was selected as the model compound for the investigation the gelation 
mechanism of this series of organogelators. Details of which will be disclosed in the 
next chapter. 
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Chapter 4. Elucidation of the Gelation Mechanisms 
In spite of the recent achievements in the investigation of the gelation behaviors 
of organogelators, their mechanisms of the gel formation are still illusive and vary 
according to the nature of the gelators. It is important to establish the gelation 
mechanisms of this interesting class of bis-(urea valine) organogelators. A 
combination of experimental techniques, such as infra-red spectroscopy (IR), 
scanning electron microscopy (SEM) and circular dichroism (CD) are employed in 
order to improve our understanding of their fundamental mechanisms of gelation. 
4.1 Fourier Transform Infrared spectroscopy 
Fourier Transform Infrared spectroscopy (FT-IR) was employed for elucidation 
of the role of intermolecular hydrogen bonding during gelation of bis-(urea valine) 
benzyl ester 25j in o-xylene. In addition, 1,3-didodecylurea 39 was employed as a 
model compound for identification of urea vibration signals. In general, broadening 
and red-shifts of stretching vibration signals o f N - H (VN-H) and C = 0 (Vc=o) bonds are 





The FI-IR spectra of bis-(urea valine) benzyl ester 25j in (a) o-xylene solution 
(1% w/v) at 100 °C; (b) o-xylene gel (1% w/v) at 25。C and in the (c) solid state (KBr 
pellet) were recorded. In the FT-IR spectrum of 25j in o-xylene solution, two signal 
peaks at 3342 and 3247 cm"' in the Vn-h regions were identified. The two signals 
could be assigned to the stretching bands of urea N-H and anilide N-H respectively 
(Table 9). Besides, two signal peaks at 1729 and 1629 cm'' in the Vc=o region were 
observed. The two peak signals could be assigned to anilide C = 0 and urea C = 0 
respectively. In the FT-IR spectrum of 25j in o-xylene gel, the corresponding signal 
peaks were identified at 3335, 3268 1728 and 1628 cm—' respectively. Hence, there 
was little difference in terms of the stretching frequencies both in the solution and in 
the gel state. However, it is very likely that intermolecular hydrogen bonding already 
exists in the solution state (formation of hydrogen bonded aggregates). In addition, 
broadening of absorption signals in the gel state was observed and it is suggested that 
intermolecular hydrogen bonding exists during gel formation. 
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Table 9. FT-IR data for bis-(urea valine) benzyl ester 25j in o-xylene solution, 
o-xylene gel and solid in K B r pellet. 
^ 1 Wavenumber (cm'^) 
Samples  
N-H urea N - H anilide C = 0 anilide C = 0 urea 
25j in o-xylene solution at 100。C 3342 3247 1729 1629 
25j in Q-xylene gel at 25 3335 3268 1728 1628 
25j in solid in K B r pellet 3348 3248 1730 1629 
39 in solid K B r pellet 3340 — — 1622 
1 0 0 . _ . 八 . _ l O O ^ 八 
a 40_ 40-
20 - 20 -
0 J ^ — — . 0 J . • ‘ 
100 Z ^ 
.在 6 0 - - ^ ^ 6 0 -
S K. 
I 40 - 40 -
H 20 - 20 -
0 -I • 0 -I— . 
lUU -1 /-X UU -
80 - / 80 -
6 0 / 60-
C 4 0 - \ / 
20- V / ~ J 20- X -
0 -I . 0 J . . • 
3500 3400 3300 3200 1750 1700 1650 1600 
Wavenumber (cm' ‘) Wavenumber (cm"‘) 
Figure 12. The stacked FT-IR spectra of bis-(urea valine) benzyl ester 25j in (a) solid 
in K B r pellet, (b) o-xylene solution and (c) o-xylene gel. 
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4.2 Thermotropic behavior 
Organogelators exhibit characteristic thermally reversible gel-sol transition in a 
solvent at a specific temperature. In a particular solvent, a more stable organogel is 
expected to form at a higher gel-sol phase transition temperature (Tg) due to its higher 
thermal stability. As a result, thermotropic behaviors of organogelators in a solvent 
can be characterized by their Tg values using the inverted test tube method. 
The Tg values of an organogel prepared from bis-(urea valine) ethyl ester 24j and 
bis-{urea valine) benzyl esters 25g-j in benzyl alcohol, o-dichlorobenzene and 
o-xylene were investigated (Table 10), it was found that the benzyl ester 25j showed 
higher Tg values in the aromatic solvents than the ethyl ester 24j. The organogels of 
the benzyl ester 25j showed higher thermal stability than that of the ethyl ester 24j. 
Besides, among the series of benzyl esters 25g-j, the analog 25j possessing longer 
alkyl chains exhibited relatively higher Tg values in respective solvents than analogs 
25g-i with shorter alkyl chains (Figure 13). There was a gradual increase in To values 
in respective solvents as the alkyl chain lengths of the organogelators increased. The 
thermal stabilities of the benzyl esters 25g-j became higher upon an increase in the 
alkyl chain lengths. It was in agreement with the fact that the benzyl ester 25j with 
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longest alkyl chains was the most powerful organogelator among the series. 
Table 10. Ta values of the bis-(urea valine) ethyl ester 24j and benzyl esters 25g-j in 
benzyl alcohol, o-dichlorobenzene and o-xylene at 1 % w/v. 
solvents 24j 25g 25h 25i 25j 
benzyl alcohol 76 70 79 88 94 
o-dichlorobenzene 110 109 113 116 120 
o-xylene 82 75 80 83 86 
130 -• 
1 2 0 - - . 一 
1 1 0 " 一"" ― ^ benzyl alcohol 
Tg (°C)⑴0 - o - d i c h l o r o b e n z e n e 
80-- 。-xylene 
70 - -
6 0 - 1 ~—— H 1 4— 1 
25g 25h 25i 25j 
benzyl esters 
Figure 13. Tg values of the bis-(urea valine) benzyl esters 25g-j in benzyl alcohol, 
o-dichlorobenzene and oxylene at 1% w/v. 
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4.3 Morphological behavior 
Generally, the organogels prepared from the bis-(urea valine) benzyl ester 25j are 
stable for several months w h e n they are placed in screw-caped bottles. In figure 14, 
the macroscopic morphology of the organogels prepared from 25] is shown. 
Figure 14. Gels (1% w/v) formed by bis-(urea valine) benzyl ester 25j in (1) benzyl 
alcohol, (2) o-dichlorobenzene, (3) dimethylsulfoxide, (4) toluene, (5) o-xylene. The 
first one on the left is an aqueous K M n 0 4 solution. 
The morphological behaviors of the organogels at microscopic level were further 
investigated using scanning electron microscopy (SEM). The morphology of the 
xerogel of 25j in benzyl alcohol exhibited interwined ribbon-like sheets (Figure 15). 
O n the other hand, elongated fibers with diameter of about 500 n m were observed for 
25j in o-dichlorobenzene (Figure 16). In addition, entangled three-dimensional 
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networks with pores of diameters about 500-2000 n m were identified for 25j in 
D M S O (Figure 17). Moreover, dense structures were observed in o-xylene gel of 25j 
(Figure 18). Hence, the microscopic morphologies of the gels are solvent dependent. 
The resulting structure is a delicated balance of the many interacting forces at play. 
& i i i i . i i . i i I 
Figure 15. S E M image of the xerogel formed by 25j in benzyl alcohol (magnification 
- 1 0 kX). 
B 
Figure 16. S E M image of the xerogel formed by 25j in o-dichlorobenzene 
(magnification = 10 kX). 
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Figure 17. S E M images of the xerogel formed by 25j in D M S O , a) magnification 二 10 
kX (left) and b) magnification 二 20 k X (right). 
ll^T ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 二 : 厂 ^ ： 1 ~ ~ I 層 一 … E l I 
'BiaiB—MHmM—HHiWiijMgSgrr/ ~7 ~ ‘ ^ ^ 1 . '^r^.i'^^JHBHBHHHBBBHHnl 
Figure 18. S E M images of the xerogel formed by 25j in o-xylene, a) magnification = 
10 kX (left) and b) magnification = 20 k X (right). 
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4.4 Chiroptical behavior 
In order to investigate the chirality of the self-assembled aggregates of the 
organogelator 25j, circular dichroism (CD) spectra of the organogelator 25j in 
o-xylene at 1 % w/v were recorded at different temperatures from 20 to 65。C. 
In the C D spectra of the organogelator 25j, a large positive C D band at 315 n m 
was identified at 20 when the sample existed as an organogel (Figure 19). Upon an 
increase in temperature, the signal intensity of the sample gradually decreased. 
Eventually, the C D signal greatly decreased at 100 when the sample was finally 
transformed from a gel state to a clear organic solution. It was suggested that the 
observed C D signals were mainly due to the formation of chiral aggregates rather than 
the chiral nature of the organogelator 25j. It could be explained by the fact that the 
transformation of the sample from a gel state to a clear solution resulted in the 
reduction of the C D signals. In addition, the C D investigation revealed the presence of 
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Figure 19. Temperature-variable C D spectra of 25j in o-xylene at 1% w/v. 
4.5 Conclusions 
In summary, a novel class of bis-(urea valine) organogelators with unique 
structural-property relationship was investigated and reported. Organogelators with 
longer aliphatic chains are capable of forming powerful gels in a wide variety of 
organic solvents. Intermolecular hydrogen bonding was found to play a significant 
role in gel formation as shown by FT-IR experiments. Moreover, morphological study 
revealed that both entangled three-dimensional networks and fibrous structures were 
formed during the gelation process. In addition, temperature-dependent C D studies 
further examined the chiral nature of the organogel. It is anticipated that such 
investigations would improve our understanding of fundamental mechanisms of 
gelation and molecular self-assembly. 
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Chapter 5. Summary 
In this thesis, the syntheses of a novel class of bis-(urea valine) organogelators 
were reported. The series of target organogelators were found to possess unusual 
gelation abilities toward a wide range of organic solvents, including alcoholic, 
aromatic and alicyclic solvents. It is important to evaluate the significance of each 
functionality in these organogelators for investigating their gelation properties. As a 
result, the relationships between their gelation behaviors and structural features of the 
target series of organogelators were summarized. 
Based on the experimental results, the following conclusions can be drawn: 
(1) The nature of the urea functionalities plays a significant role on the gelation 
properties. Firstly, an introduction of urea moieties greatly enhancement their 
gelation power towards some organic solvents, probable due to an extensive 
formation of intermolecular hydrogen bonds through the urea functionalities. 
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(2) The nature of hydrocarbon side chain also plays an important role on the 
gelation properties. The attachment of long aliphatic chains not only prevents 
crystallization of the self-assembled aggregates during gelation, but also 
enhances lipophilic interactions between organogelator and the solvent 
molecules. In general, organogelators possessing longer aliphatic hydrocarbons 
exhibit better gelation behaviors. 
(3) The nature of the ester moiety also shows a significant effect on the gelation 
properties of organogelators. The analogues possessing a benzyl ester generally 
demonstrate better gelation behaviors especially in aromatic solvents. It is 
believed that the presence of the benzyl ester probably enhances the n-n 
interaction between the organogelator and the aromatic solvent molecules. 
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Chapter 6. Experimental 
General Methods 
Melting points were measured on an Electrothermal IA9000 digital melting 
point apparatus and are uncorrected. A Briiker Advance D P X 3 0 0 N M R spectrometer 
was used to obtain (300 MHz), and '^C (75.5 M H z ) N M R spectra. Unless 
otherwise stated, all N M R measurements were carried out at 25 °C in either CDCI3 or 
DMSO-flf^. Chemical shifts are reported as parts per million (ppm) using the residue 
solvent signal(s) as the internal standard. Coupling constants (J) are reported in hertz 
(Hz). Mass spectra were obtained on a ThermoFinnigan M A T 95 X L and mass 
spectrometer in fast atom bombardment (FAB) mode. The reported molecular mass 
(m/z), unless otherwise specified, is the most abundant monoisotopic mass. Elemental 
analyses were carried out at M E D A C Ltd., Surrey, United Kingdom. Optical rotations 
were measured at Perkin Elmer 341 polarimeter using spectroscopic grade chloroform 
and D M S O . Circular dichroism (CD) was carried out on a Jasco J-715 
spectropolarimeter using spectroscopic grade solvents in quartz cell with a 1 m m path 
length. 
Unless otherwise stated, all chemicals were purchased from commercial 
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suppliers and were used without further purification. T H F was freshly distilled over 
sodium. CH2CI2 was freshly distilled over CaCl�. All reactions were conducted under 
dry nitrogen at atmospheric pressure unless otherwise stated. Thin layer 
chromatography (TLC) was performed on silica gel sheets 60 F254 purchased from E. 
Merck. Flash column chromatography was performed on Macherey Nagel Kieselgel 
6 0 M 230-400 mesh silica gel. 
Gelation Experiments 
A weighted sample of the organogelator was completely dissolved in 1.0 
m L of a solvent in a septum-capped vial upon heating. The solution was allowed to 
stand at room temperature for a day and the state of sample was then examined. A 
stable gel was formed when a homogeneous phase exhibited no gravitational flow 
by inverting the sample. The gel state could be further classified as transparent gel 
(TG), translucent gel (TLG), or opaque gel (OG) according to its transparency. The 
sample was regarded as insoluble (I) if the solid precipitate was formed. The 
sample was considered as soluble (S) when the solution remained clear and no 
gelation occurred. The M G C value of gelator was determined by measuring the 
minimum amount of gelator that could still induce gelation. 
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Determination of Gel-Sol Phase Transition Temperatures (Jg) 
A septum-capped vial {d = 10.0 m m ) containing a. stable gel sample was 
immersed in an oil bath. The temperature of the oil bath was monitored by a 
thermometer and the bath temperature was raised at a rate of 5 °C per minute. The Tg 
was determined as the temperature at which the meniscus of a liquid was observed 
with an experimental error (土 2 °C). 
Electron Microscopy 
A gel prepared as aforementioned was frozen in liquid nitrogen. The frozen gel 
sample was dried in a Labconco Freeze Dryer under vacuum at -50 °C for two days. 
The xerogel obtained was subjected to electron microscopic examination. A small 
slice of xerogel was transferred on to a stub and the stub was then sputter coated with 
gold. The sample was examined in a Leo 1450VP scanning electron microscope 
operating at 20 kV. 
FT-IR Spectroscopy 
A hot solution of the organogelator was prepared as aforementioned and then 
transferred immediately into a cell (CaF]). The infrared spectrum of the solution 
63 
sample was recorded on a Niolet 420 FT-IR spectrophotometer. After the experiment, 
the sample was taken out to check it was still in a solution state. The sample was then 
allowed to cool to room temperature to induce gel formation. The gel sample was then 
put into the spectrophotometer and one IR spectrum of the gel state was recorded. In 
addition, the IR spectrum of organogelators at solid state was also recorded as 
potassium bromide (KBr) pellet. 
Temperature-Dependent NMR Analysis 
A gel sample of the gelator in the gelating solvent ( D M S O - / ) was prepared in a 
sealed tube for analysis. Temperature-dependent N M R experiments (temperature 
ranged from 25 to 100 °C) were performed on a Bruker Advance DPX300 
spectrometer. The spectra were recorded at different temperature until the gel sample 
was completely dissolved. 
CD Spectroscopy 
C D spectra were recorded on a J A S C O J-715 spectropolarimeter connected 
to a N E S L A B RTE-211 temperature controller. A hot solution of gelators was 
transferred into a quartz cell (0.1 cm path length) to allow gel formation. The 
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temperature of the cell was detected by a thermometer attached to the chamber 
supporting the quartz cell. At regular temperature intervals, the sample was 
equilibrated for 30 minutes before scanning. A s the Tg value of the sample was 
beyond the highest temperature 65 °C) attainable by the temperature controller, the 
C D spectrum of solution state was obtained by scanning the hot solution of the gelator 
immediately after it was injected into the cell. The sample was checked immediately 




(Boc-NH-V)2-Ar-C02Et 23.64 A mixture of Boc-NH-L-valine (8.3 g, 44 mmol) 
and E E D Q (11.0 g, 44 mmol) was added to a stirred T H F solution (200 m L ) of ethyl 
3,5-diaminobenzoate 32 (3.6 g, 20 mmol) at room temperature. After 24 h, the solvent 
was removed on a rotary evaporator. The crude product was precipitated by the 
addition of hexane/ethyl acetate (2/1)，filtered and washed with diethyl ether (50 mL). 
The product 23 was obtained as a white crystalline solid (9.5 g, 82%) after flash 
chromatography (eluent: hexane/EtOAc = 5/2). Rf 0.25 (hexane/EtOAc = 5/2). M.p. 
149-150。C. (lit.M M.p. 149-150。C). [af^ -33.5 (c 1.00, CHCI3). 'H N M R 
(DMSO-/): 5 0.89 (12 H, d, 7 = 6 , CH(C//3)2)，1.32 (3 H, t，/二 7.5，OCH2C//3), 1.38 
(18 H, s，'Bu\ 1.90—2.05 (2 H, m, C/7(CH3)2), 3.90 (2 H，t, / 二 7.5, NHC//CH), 4.31 
(2 H, q，J二 8, OC//2CH3), 6.93 (2 H, d,7= 9, CON//CH), 7.95 (2 H, s, AiH), 8.26 (1 
H, s, ArH), 10.21 (2 H, s, CON/ZAr). '^C N M R (DMSO-/): 5 14.2, 18.5, 19.2, 28.2, 
30.3，60.7’ 60.9’ 78.1, 114.2, 114.7, 130.6, 139.5, 155.6, 165.5, 171.1. M S (FAB): 578 
(M+H+，20%). Anal, found: C, 59.91; H, 7.93; N, 9.47. C29H46N4O8 requires C，60.19; 
H，8.01;N, 9.68. 
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General procedure for preparation of bis-(urea valine) ethyl esters 24.67 八 
mixture of O-succinimidyl carbamate 27 (10.0 mmol) and diisopropylethylamine (1.8 
m L , 10.0 mmol) were added to a T H F solution (100 m L ) of the diamino ethyl ester 
26 (1.9 g, 5.0 mmol). The reaction mixture was stirred at room temperature for 4 h. 
The insoluble crude solid product was filtered, collected and was washed with boiling 
/7-hexane (100 mL), acetone (100 m L ) and T H F (100 m L ) successively to afford the 
titled compound 24 as a white solid. 
(w-C4H9-NHC0NH-V)2-Ar-C02Et 24a. The titled compound 24a was obtained 
as a white solid (2.7 g, 92%) from O-succinimidyl butylcarbamate 27a (2.2 g, 10.0 
mmol). [af^ +64.2 (c 1.00, D M S O ) . M.p. 212-213 'H N M R (DMSO-^/^): 
5 0.83-0.91 (18 H, m, CH{CH3)2 and C H . C U i C H s l 1.25-1.36 (11 H, m, OCH2CH3 
and aliphatic H)’ 1.93-1.98 (2 H, m, CHC//(CH3)2)，3.00 (4 H, q, J= 6, NHC//2CH2), 
4.18(2 H, dd,y= 8.7 and 6.3, NHC//CH), 4.29 (2 H, q,J= 6, OC//2CH3), 6.06 (2 H, 
d，J = 9，urea NB), 6.09 (2 H, t, •/二 4.8，urea N//), 7.97 (2 H, s, Ar//), 8.21 (1 H, s, 
Ar//), 10.27 (2 H, s, CON/ZAr). '^C N M R (DMSO-/): 5 13.7’ 14.2, 18.0, 19.3，19.5, 
31.2, 32.1, 38.8, 58.7，60.9, 114.3，114.8, 130.6, 139.5, 157.9, 165.5, 171.8. M S (FAB) 
577 (M+H+，8%). H R M S (L-SIMS): calcd for C29H48N6O6, 577.3708; found, 77.3708. 
Anal, found: C, 60.51; H, 8.36; N, 14.31. C29H48N6O6 requires C, 60.40; H, 8.39; N, 
14.56. 
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(n-C5Hn-NHC0NH-V)2-Ar-C02Et 24b. Compound 24b was obtained as a 
white solid (2.7 g, 91%) from O-succinimidyl pentylcarbamate 27b (2.3 g, 10.0 
mmol). [af^ +63.0 (c 1.00, D M S O ) . M.p. 213-215。C. 'H N M R ( D M S O - / ) : 
5 0.83-0.91 (18 H, m, CH(C//j)_7 and CH2CH2C//J), 1.24—1.38 (15 H, m, O C Y h C H s 
and aliphatic H), 1.92-1.97 (2 H, m, CHC//(CH3)2), 2.96 (4 H, q, J = 6, NHC//2CH2), 
4.17(2 H，dd,J= 8.7 and 6.6’ NHC//CH), 4.30 (2 H, q,J= 6, OC历CH3)，6.05 (2 H, 
d,J= 8.7, urea NH), 6.09 (2 H, t，J= 5.1, urea N//), 7.97 (2 H, s, Ar//), 8.20 (1 H, s, 
At//), 10.28 (2 H, s, CON/ZAr). '^C N M R (DMSO-^/‘): 5 14.0，14.2，18.0，19.3，21.9， 
28.6, 29.7，31.2, 39.2, 58.8, 60.9，114.3，114.8, 130.6, 139.5, 157.9, 165.5, 171.8. M S 
(FAB) 605 (M+H+，10%). H R M S (L-SIMS): calcd for C31H52N6O6, 605.4021; found, 
605.4019. Anal, found: C, 61.29; H, 8.73; N, 13.88. C31H52N6O6 requires C, 61.57; H, 
8.76; N，13.89. 
(/i-C6Hi3-NHC0NH-V)2-Ar-C02Et 24c. Compound 24c was obtained as a 
white solid (2.9 g, 91%) from O-succinimidyl hexylcarbamate 27c (2.4 g, 10.0 mmol). 
[af^ +62.8 (c 1.00’ D M S O ) . M.p. 215-216。C. 'H N M R (DMSO-/): 5 0.82-0.90 
(18 H, m, CH(C//3)2 and CH2CH2CH3), 1.24-1.34 (19 H, m, OCH2CH3 and aliphatic 
//), 1.90-1.94 (2 H, m, CHC//(CH3)2), 2.98 (4 H, q,J= 7, NHC//2CH2), 4.17(2 H, dd, 
J= 9.0 and 6.6’ NHC//CH), 4.29 (2 H, q,J= 6, OC//2CH3), 6.08 (2 H, d, 2.4, urea 
N//), 6.09 (2 H, t,J= 5.6, urea NH), 7.97 (2 H, s, ArH), 8.19 (1 H, s, ArH), 10.29 (2 
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H, s, CON/ZAr). " C N M R (DMSO-c^): 5 13.9, 14.2，18.0, 19.3, 22.1，26.1, 29.9，31.0， 
31.2，〜39,72 58.8, 60.9, 114.3’ 114.8, 130.6, 139.5, 157.9, 165.5, 171.8. M S (FAB) 
633.6 (M+H+, 8%). H R M S (L-SIMS): calcd for C33H56N6O6, 633.4334; found, 
633.4345. Anal, found: C, 62.63; H, 8.95; N, 12.91. C33H56N6O6 requires C, 62.63; H, 
8.92; N，13.27. 
(/i-C7Hi5-NHC0NH-V)2-Ar-C02Et 24d. Compound 24d was obtained as a 
white solid (3.1 g, 93%) from O-succinimidyl heptylcarbamate 27d (2.6 g, 10.0 
mmol). [af^ +62.8 (c 1.00, D M S O ) . M.p. 216-217 °C. 'H N M R (DMSO-/): 
5 0.81—0.90 (18 H, m, CH(C//3)2 and CHiCUiCHs), 1.23-1.34 (23 H, m, OCH2CH3 
and aliphatic H), 1.90-1.96 (2 H, m, CHC//(CH3)2)，2.98 (4 H, q, J= 6, NHC//2CH2), 
4.17(2 H, dd,y= 8.1 and 6.9，NHCi/CH), 4.30 (2 H, q,J= 7, OCH2CH3), 6.06 (2 H, 
d, J = 9, urea N//), 6.08 (2 H, t, J = 63, urea N//), 7.97 (2 H, s, Ar//), 8.20 (1 H, s, 
Ar//), 10.28 (2 H, s，CON/ZAr). '^C N M R (DMSO-/): 5 13.9, 14.2, 18.0, 19.3, 22.1, 
26.4, 28.5, 30.0,31.2, 31.3,〜39,72 58.8, 60.8, 114.3, 114.8, 130.6, 139.5, 158.0, 165.5， 
171.8. M S (FAB) 661 (M+H+, 5%). H R M S (L-SIMS): calcd for C35H60N6O6, 
661.4647; found, 661.4655. Anal, found: C, 63.52; H, 9.09; N, 12.66. C35H60N6O6 
requires C, 63.61; H，9.15; N，12.71. 
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(«-Ci0H2rNHCONH-V)2-Ar-CO2Et 24e. Compound 24e was obtained as a 
white solid (3.4 g, 92%) from O-succinimidyl decylcarbamate 27e (3.0 g, 10.0 mmol). 
[ccXi +53.2 (c 1.00, D M S O ) . M.p. 223-224。C. 'H N M R (DMSO-/): 5 0.81-0.90 
(18 H, m, CH(C//3)2 and CH2CU2CH3), 1.21—1.33 (35 H, m，OCH2CH3 and aliphatic 
H), 1.90-1.96 (2 H, m, CHC//(CH3)2)，2.97 (4 H, q,J= 6，NHC//2CH2), 4.18 (2 H, dd, 
J = 8.4 and 6.3, NHC//CH), 4.30 (2 H，q, J = 7, OC//2CH3), 6.05 (2 H, d, J 二 9, urea 
N//), 6.07 (2 H, t, 2.4, urea NN), 7.97 (2 H, s, ArB), 8.20 (1 H, s，ArN), 10.27 (2 
H, s, CON/ZAr). "C N M R (DMSO-/): 5 13.9, 17.9, 19.3, 22.1, 26.4, 28.7, 28.8, 29.0, 
29.1, 30.0, 31.2, 31.3, 39.1, 58.7，60.8, 114.3, 114.8, 130.6, 139.5，157.9, 165.4, 171.8. 
M S (FAB) 745.2 (M+H+, 10%). H R M S (L-SIMS): calcd for C41H72N6O6, 745.5586; 
found, 745.5585. Anal, found: C, 65.84; H, 9.80; N, 11.11. C41H72N6O6 requires C, 
66.10; H, 9.74; N, 11.27. 
(«-CuH23-NHC0NH-V)2-Ar-C02Et 24f. Compound 24f was obtained as a 
white solid (3.5 g, 91%) from O-succinimidyl undecylcarbamate 27f (3.1 g, 10.0 
mmol). [af^ +52.8 (c 1.00, DMSO). M.p. 224-225。(：. 'H N M R (DMSO-/): 
6 0.82-0.90 (18 H, m, CH(C//3)2 and CHsCHsCZ/i), 1.22-1.34 (39 H, m, OCH2CN3 
and aliphatic H), 1.90-1.96 (2 H, m, CHC//(CH3)2), 2.97 (4 H，q，/ 二 6, N U C H 2 C H 2 I 
4.17(2 H, dd,y=9 and 6.3, NHC//CH), 4.30 (2 H, q,J= 6, OC//2CH3), 6.05 (2 H, d, 
J = 5.4, urea NB), 6.08 (2 H, t,J= 5.4, urea NB), 7.97 (2 H, s，Ar//), 8.20 (1 H, s, 
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Ar//), 10.28 (2 H, s, CON/ZAr). '^C N M R ( D M S O - / ) : 5 13.1, 13.6’ 17.5, 18.7, 21.5, 
26.0, 28.1’ 28.3, 28.4, 28.5, 29.5，30.5, 30.8, 39.2, 59.0, 60.3, 115.1, 115.3, 130.6， 
139.0, 157.8, 165.2, 171.2. M S (FAB) 773 (M+H+, 12%). H R M S (L-SIMS): calcd for 
C43H76N6O6, 773.5899; found, 773.5904. Anal, found: C, 66.75; H, 9.92; N, 10.69. 
C43H76N6O6 requires C, 66.80; H, 9.91; N, 10.87. 
(n-C i3H27-NHC0NH-V)2-Ar-C02Et 24g. Compound 24g was obtained as a 
white solid (3.7 g, 90%) from O-succinimidyl tridecylcarbamate 27g (3.4 g, 10.0 
mmol). [af^ +52.3 (c 1.00, D M S O ) . M.p. 227-229 'H N M R (DMSO-d^): 
S 0.82-0.90 (18 H, m, CH(Ci/3)2 and C H 2 C H 2 C H 3 X 1.22—1.33 (47 H, m, OCH2CH3 
and aliphatic //), 1.90—1.96 (2 H, m, CHC//(CH3)2)，2.97 (4 H, q,J= 6, NHC//2CH2), 
4.17(2 H, dd, 8.7 and 6.3, NHC//CH), 4.30 (2 H, q,J= 6，OCN2CH3), 6.03 (2 H, 
d,J= 8.7，urea NB), 6.06 (2 H, t, 4.7，urea 7.97 (2 H, s, ArB), 8.20 (1 H, s, 
AxH), 10.26 (2 a s, CON/ZAr). '^C N M R ( D M S O - / , 1 0 0� C ) : S 13.0, 13.4, 17.3, 
18.5, 21.3, 25.8, 27.9，28.1, 28.3, 29.3, 30.4，30.6,〜39/2 如,^Q.Q, 114.8, 114.9， 
130.4, 138.8, 157.5, 165.0, 171.0. M S (FAB) 829 (M+H+, 100%). H R M S (L-SIMS): 
calcd for C47H84N6O6, 829.6525; found, 829.6536. Anal, found: C, 67.78; H, 10.31; N, 
10.06. C47H84N6O6 requires C, 68.08; H, 10.21; N, 10.13. 
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(/i-Ci6H33-NHC0NH-V)2-Ar-C02Et 24h. Compound 24h was obtained as a 
white solid (4.0 g, 89%) from O-succinimidyl hexadecylcarbamate 27h (3.8 g, 10.0 
mniol). [af^ +51.8 (c 1.00, DMSO). M.p. 230-232。C. 'H N M R (DMSO-(A 100 
。(：)：5 0.88 (6 H，t, J二 6.7, CH2CH2C//i), 0.92 (6 H，d，6.9, CH(C//3)Me), 0.96 (6 
H, d, y = 6.9’ CHMe(C//3))，1.28-1.43 (59 H, m, OCHzC/Zj and aliphatic H), 
I.90-2.06 (2 H, m, CHC//(CH3)2), 3.06 (4 H, d,y= 5.7, NHC//2CH2), 4.20 (2 H, dd, 
J = 8.7 and 6.3, NHC//CH), 4.34 (2 H, q, 7 = 7.2, OC//2CH3), 5.79 (2 H, d, J = 8.1, 
urea N//), 5.86 (2 H, t, J=5.2, urea N//), 7.91 (2 H, s, Ar//), 8.14(1 H, s, Ar//), 9.71 
(2 H, s, CON/ZAr). ' ^ C N M R (DMSO-/, 100 °C): 5 12.7, 13.3，17.2, 18.4,21.1,25.7, 
27.8, 28.0，28.2, 29.2, 30.2, 30.4, -39/" 58.8, 59.8, 114.9, 115.0, 130.4, 138.7, 157.4, 
164.9’ 170.8. M S (FAB) 913 (M+H+，5%). H R M S (L-SIMS): calcd for C53H96N6O6, 
913.7464; found, 913.7469. Anal, found: C, 69.62; H, 1C.71; N, 9.00. C53H96N6O6 
requires C, 69.70; H, 10.59; N，9.20. 
(Ai-Ci9H39-NHC0NH-V)2-Ar-C02Et 24i. Compound 24i was obtained as a 
white solid (4.4 g, 88%) from O-succinimidyl nonadecylcarbamate 27i (4.3 g, 10.0 
mmol). [a]-^  +60.3 (c 0.80, DMSO). M.p. 235-237。C. 'H N M R (DMSO-/, 100 
。C): 5 0.85-0.97 (18 H, m, CH(C//j)2 and CHzCHsC/Zj), 1.20—1.41 (71 H, m， 
OCH2CH3 and aliphatic H), 2.01—2.07 (2 H, m，CHC//(CH3)2), 3.03 (4 H, q, J = 6, 
NHC//2CH2), 4.21 (2 H, dd, J = 7.2 and 6.6, NHC//CH), 4.33 (2 H, q, J = 7, 
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OC//2CH3), 5.85 (2 H, d , y = 8,7, urea NH), 5.90 (2 H, t， 5 . 1 , urea N//), 7.93 (2 H, 
s，AtH), 8.17 (1 H, s, Ar//), 9.84 (2 H, s，CON/ZAr). '^C N M R ( D M S O - ^ , 100。C): 
5 12.9, 13.4, 17.3, 18.5，21.3, 25.8, 27.9, 28.1, 28.3, 29.3, 30.4, 30.6, -39/" 58.7，60.0, 
114.8, 114.9，130.3，138.8，157.4, 165.0, 170.9. M S (FAB) 998 (M+H+, 100%). 
H R M S (L-SIMS): calcd for C59H108N6O6, 997.8402; found, 997.8420. Anal, found: C, 
70.92; H, 10.92; N, 8.27. C59H108N6O6 requires C, 71.04; H, 10.91; N, 8.42. 
(n-C2iH43-NHC0NH-V)2-Ar-C02Et 24j. Compound 24j was obtained as a 
white solid (4.6 g, 87%) from O-succinimidyl heneicosylcarbamate 27j (4.5 g, 10.0 
mmol). [a]^ +63.0 (c 0.80，DMSO). M.p. 239-240。C. 'H N M R ( D M S O - / , 100 
。C): 5 0.86-0.97 (18 H, m, CH(C//3)2 and CR2CII2CH3), 1.28-1.44 (79 H, m, 
OCHzC/Zi and aliphatic H), 1.90—2.07 (2 H, m, CHC//(CH3)2), 3.05 (4 H，q，6.9， 
NHC//2CH2), 4.20 (2 H, dd, J = 8.7 and 6.3，NHC//CH), 4.34 (2 H, q, 7 = 6.9， 
OC//2CH3), 5.83 (2 H, d, J = 8.7, urea 5.90 (2 H, t,J= 5.4, urea N//), 7.92 (2 H, 
s, ArH), 8.15 (1 H, s, Ar//), 9.78 (2 H, s, CON/ZAr). '^C N M R (DMSO-d", 100。C): 
5 12.9’ 13.4, 17.3，18.5, 21.2, 24.7，25.7, 27.9, 28.2，29.3, 30.3, 30.5,〜39/2 58/7’ 59 9， 
114.9, 115.0，130.4, 138.8, 157.4, 165.0，170.9. M S (FAB) 1054 (M+H+, 100%). 
H R M S (L-SIMS): calcd for C63H116N6O6，1053.9029; found, 1053.9020. Anal, found: 
C，71.57; H, 11.29; N, 7.61. Q^sHiifiN^A) requires C, 71.82; H, 11.10; N, 7.97. 
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General procedure for preparation of bis-(urea valine) benzyl esters 25.67 A 
mixture of O-succinimidyl carbamate 27 (10.0 mmol) and diisopropylethylamine (1.8 
mL, 10.0 mmol) were added to a T H F solution (100 m L ) of the diamino benzyl ester 
30 (2.2 g, 5.0 mmol). The reaction mixture was stirred at room temperature for 4 h. 
The insoluble crude solid product was filtered, collected and washed with boiling 
72-hexane (100 mL), acetone (100 m L ) and T H F (100 m L ) successively to afford the 
titled compound as a white solid. 
(n-C4H9-NHC0NH-V)2-Ar-C02Bn 25a. Compound 25a was obtained as a 
white solid (3.0 g, 94%) from O-succinimidyl butylcarbamate 27a (2.2 g, 10.0 mmol). 
[a]'^ +62.4 (c 1.01’ D M S O ) . M.p. 221-222 'H N M R (DMSO-^/^): 5 0.83-0.90 
(18 H, m, CH(C//3)2 and CH2CH2C//3), 1.22-1.36 (8 H, m, aliphatic H), 1.92-1.94 (2 
H, m, CHC//(CH3)2), 2.99 (4 H, q,J= 6, NHC//2CH2), 4.18 (2 H, dd, J= 8.7 and 6.6, 
NHCi/CH), 5.34 (2 H, s, PhC//；), 6.05 (2 H，d, J= 4.2, urea N//), 6.09 (2 H，t, J二 5.6, 
urea NN), 7.35-7.47 (5 H, m，Ar//), 7.99 (2 H, s, ArH), 8.28 (1 H, s, Ar//), 10.30 (2 H, 
s, CONZ/Ar). i3c N M R ( D M S O - A 5 13.7, 18.0, 19.3, 19.5, 31.2，32.1, 38.9, 58.7, 
66.4，114.4, 114.8, 128.2, 128.4, 128.6, 130.3, 136.0, 139.6, 157.9, 165.4，171.8. M S 
(FAB) 639 (M+H+，12%). H R M S (L-SIMS): calcd for C34H50N6O6，639.3865; found, 
639.3854. Anal, found: C, 63.75; H, 7.95; N, 13.08. C34H50N6O6 requires C, 63.93; H, 
7.89; N, 13.15. 
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(//-C5Hn-NHC0NH-V)2-Ar-C02Bn 25b Compound 25b was obtained as a 
white solid (3.1 g, 94%) from O-succinimidyl pentylcarbamate 27b (2.3 g, 10.0 
mmol). [a]-^ +57.9 (c 1.08, DMSO). M.p. 224-225。C. 'H N M R (DMSO-^/‘): 
5 0.82-0.90 (18 H, m, CH(C//3h and CH^CHoC/Zj), 1.20-1.39 (12 H, m, aliphatic H), 
1 . 9 1 - 1 . 9 5 ( 2 H , m , C H C / / ( C H 3 ) 2 ) ， 2 . 9 7 ( 4 H , q, J = 6 ’ N H C Z / p C H . ) , 4 . 1 6 ( 2 H , d d , 7 
=9.0 and 6.6, NHC//CH), 5.34 (2 H, s, PhC//》，6.05 (2 H, d.J= 4.5, urea NH), 6.08 
(2 H, t,y= 5.6, urea N//), 7.38—7.48 (5 H, m, Ar//), 7.98 (2 H, s, Ar//), 8.26(1 H, s, 
Ar//), 10.30 (2 H, s, CON/ZAr). '^ C N M R (DMSO-/): 5 13.9, 17.9, 19.3, 21.9, 28.6, 
29.6, 31.2, 39.2, 58.7, 66.4，114.4’ 114.8, 128.1, 128.2, 128.6, 130.3, 136.0, 139.6, 
157.9, 165.3, 171.8. M S (FAB) 667 (M+H+, 10%). H R M S (L-SIMS): calcd for 
C36H54N6O6, 667.4178; found, 667.4185. Anal, found: C, 64.77; H, 8.20; N, 12.53. 
C36H54N6O6 requires C, 64.84; H, 8.16; N, 12.60. 
(fi-C6Hi3-NHC0NH-V)2-Ar-C02Bn 25c. Compound 25c was obtained as a 
white solid (3.2 g, 91%) from O-succinimidyl hexylcarbamate 27c (2.4 g, 10.0 mmol). 
[a]"^  +63.6 (c 0.99, DMSO). M.p. 225-226 'H N M R (DMSO-/): 5 0.79—0.89 
(18 H, m, CH(C//3)2 and CH2CH2C//J), 1.21-1.35 (16 H, m, aliphatic H), 1.89-1.96 
(2 H, m, CHC//(CH3)2)，2.95 (4 H, 6’ NHC//2CH2), 4.17 (2 H，dd, J = 8.4 and 
6.6, NHC//CH)，5.31 (2 H, s, P h C / / ； ) , 6.00 (2 H, d ， 9 ’ urea N//), 6.04 (2 H, t, J = 
5.6, urea N//), 7.32-7.44 (5 H, m, Ar//), 7.96 (2 H, s, Ar//), 8.24 (1 H, s, Ar//)，10.20 
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(2 H, s, CON/ZAr). " c N M R (DMSO-^/^): 5 13.9，17.9, 19.3, 22.1, 26.1, 29.9, 31.0， 
31.2，〜39,72 58.7，66.4，114.4, 114.8, 128.1, 128.4, 128.5, 130.3, 136.0, 139.6, 157.9， 
165.4，171.8. M S (FAB) 695 (M+H+, 12%). H R M S (L-SIMS): calcd for C38H58N6O6, 
695.4491; found, 695.4501. Anal, found: C, 65.26; H, 8.43; N, 11.81. C38H58N6O6 
requires C, 65.68; H, 8.41; N, 12.09. 
(n-C7Hi5-NHC0NH-V)2-Ar-C02Bn 25d. Compound 25d was obtained as a 
white solid (3.4 g, 94%) from O-succinimidyl heptylcarbamate 27d (2.6 g, 10.0 
mmol). [af^ +59.7 (c 1.05, D M S O ) . M.p. 227-228。(：. 'H N M R (DMSO-/): 
5 0.81-0.91 (18 H, m, CH(C//3)2 and CH2CH2C//.O, 1-23-1.37 (20 H, m, aliphatic H), 
1.90—1.97 (2 H, m, CHC//(CH3)2)，2.98 (4 H, q, 6, NHC//2CH2), 4.18 (2 H, dd, J 
=9.0 and 6.6，NHC//CH), 5.34 (2 H, s, PhC//》’ 6.04 (2 H, 9.3’ urea N//), 6.07 
(2 H, t, J = 5.7, urea NB)，7.35-7.48 (5 H, m, ArB), 7.99 (2 H, s, Ar//), 8.27 (1 H, s, 
AxH), 10.26 (2 H, s, CON/ZAr). '^C N M R (DMSO-/): 5 13.9，17.9, 19.3, 22.0, 26.3, 
28.4, 30.0, 31.2, 31.3, 39.1, 58.7，66.3’ 114.4, 114.8，128.1, 128.4, 128.5, 130.3, 136.0， 
139.6, 157.9, 165.3, 171.8. M S (FAB) 723 (M+H+，5%). H R M S (L-SIMS): calcd for 
C40H62N6O6, 723.4804; found, 723.4819. Anal, found: C, 66.42; H, 8.68; N, 11.63. 
C40H62N6O6 requires C, 66.45; H, 8.64; N, 11.62. 
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(/i-Ci0H2rNHCONH-V)2-Ar-CO2Bn 25e. Compound 25e was obtained as a 
white solid (3.7 g, 92%) from O-succinimidyl decylcarbamate 27e (3.0 g, 10.0 mmol). 
[af^ +53.9 (c 1.00’ D M S O ) . M.p. 230-231。C. 'h N M R (DMSO-^/^): 5 0.82-0.91 
(18 H, m, CH(C//3)2 and CHzCHzCZ/j), 1.22-1.35 (32 H, m, aliphatic H), 1.91-1.97 
(2 H, m, CHC//(CH3)2), 2.98 (4 H, q, / 二 6, NHC//2CH2), 4.18 (2 H, dd, 9.0 and 
6.6, NHC//CH), 5.34 (2 H, s, PhC//:), 6.03 (2 H, d, «/= 8.7, urea N//), 6.06 (2 H, t, J 
二 3.8，urea N//), 7.35-7.47 (5 H, m, ArH), 7.99 (2 H, s, Ar//), 8.26 (1 H, s，Ar//), 
10.23 (2 H, s, CON/ZAr). " c N M R (DMSO-/): 5 13.9，17.9, 19.3，22.1, 26.4’ 28.7, 
28.8，28.9, 29.0, 30.0, 31.3, 39.1, 58.7, 66.3, 114.4，114.8，128.1, 128.2, 128.5, 130.3， 
136.0, 139.5, 157.9, 165.3, 171.8. M S (FAB) 808 (M+H+, 5%). H R M S (L-SIMS): 
calcd for C46H74N6O6, 807.5743; found, 807.5730. Anal, found: C, 67.97; H, 9.24; N, 
10.39. C46H74N6O6 requires C, 68.45; H, 9.24; N, 10.41. 
(/i-CiiH23-NHC0NH-V)2-Ar-C02Bn 25f. Compound 25f was obtained as a 
white solid (3.8 g, 91%) from O-succinimidyl undecylcarbamate 27f (3.1 g, 10.0 
mmol). [a]? +52.3 (c 1.02, D M S O ) . M.p. 232-233。C. 'H N M R (DMSO-/): 
5 0.81-0.90 (18 H, m, CH(C//3)2 and CH2CH2C历)，1.22-1.34 (36 H, m, aliphatic H), 
1.91-1.97 (2 H, m, CHC//(CH3)2), 2.97 (4 H, q, / 二 6, NHC//2CH2), 4.18 (2 H, dd, J 
=8.7 and 6.6, NHC//CH), 5.34 (2 H, s, PhC//?)，6.04 (2 H, d,J= 5.4, urea N//), 6.07 
(2 H，t, J = 5.3, urea 肩,7.35—7.47 (5 H, m, Ar//), 7.98 (2 H, s, Ar//), 8.26 (1 H, s, 
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Ar//), 10.27 (2 H, s，CON/ZAr). " c N M R (DMSO-/): 5 14.0, 18.0，19.4, 22.2，26.5， 
28.8，28.9, 29.1，29.2, 30.1，30.8, 31.3, 31.4,〜39? 58.9, 66.5，114.6, 114.9, 128.2, 
128.3, 128.7, 130.4, 136.1，139.7, 158.1, 165.5, 171.9. M S (FAB) 836 (M+H+, 5%). 
H R M S (L-SIMS): calcd for C48H78N6O6, 835.6056; found, 835.6041. Anal, found: C, 
68.67; H, 9.45; N, 10.05. C48H78N6O6 requires C，69.03; H, 9.41; N, 10.06. 
(/j-Ci3H27-NHC0NH-v)2-Ar-C02Bn 25g. Compound 25g was obtained as a 
white solid (4.0 g, 90%) from O-succinimidyl tridecylcarbamate 27g (3.4 g, 10.0 
mmol). [af^ +53.9 (c 0.99，DMSO). M.p. 235-236。(：. 'H N M R (DMSO-^/^): 
5 0.82-0.90 (18 H, m, CH(C//3)2 and CH.CHiCHj), 1.23-1.35 (44 H, m, aliphatic H), 
1.91—1.98 (2 H, m, CHC//(CH3)2), 2.99 (4 H, q, 7, NHC//2CH2), 4.18 (2 H, dd, J 
=9.0 and 6.6, NHC//CH), 5.34 (2 H, s, PhC/Zi), 6.02 (2 H, 9.6, urea NH), 6.05 
(2 H, t，•/二 6.2，urea N功，7.35—7.47 (5 H, m, ArH), 7.98 (2 H, s, Ar//), 8.26 (1 H, s, 
ArN), 10.20 (2 H, s, CON/ZAr). '^C N M R ( D M S O - / , 100。C): 5 13.0, 17.3, 18.5, 
21.3, 25.8, 27.9, 28.1，28.3, 29.3, 30.4, 30.6，〜39/2 33 65.6, 114.9, 115.0, 127.2, 
127.4，127.8, 130.0, 135.7, 138.9, 157.4, 164.9, 171.0. M S (FAB) 892 (M+H+, 3%). 
H R M S (L-SIMS): calcd for C52H86N6O6, 891.6682; found, 891.6691. Anal, found: C, 
69.95; H, 9.79; N, 9.47. CsiHge^eOe requires C, 70.08; H, 9.73; N, 9.42. 
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(/1-C,6H33-NHC0NH-V)2-Ar-C02Biii 25h. Compound 25h was obtained as a 
white solid (4.2 g，89%) from 0-succinimidyl hexadecylcarbamate 27h (3.8 g，10.0 
mmol). [af^ +50.5 (c 1.05, D M S O ) . M.p. 239-240。C. 'H N M R ( D M S O - ^ , 100 
。C): 5 0.86 (6 H, t, J = 3.5, CH2CH2C//J), 0.91 (6 H, d, J二 6.9, CH(C//3)Me), 0.94 (6 
H, d, J = 6.9, CHMe(C//3)), 1.26-1.40 (56 H, m , aliphatic H), 1.90—2.15 (2 H, m, 
CHC//(CH3)2), 2.95-3.06 (4 H, m, NHC//2CH2), 4.19 (2 H, dd, J = 6.3 and 9， 
NHC//CH), 5.36 (2 H, s, PhC//.), 5.86 (2 H, d,J= 9, urea NH), 5.93 (2 H, t,J= 5.4， 
urea N//), 7.37—7.47 (5 H, m, ArH), 7.95 (2 H, d,J=2A, AvH), 8.26 (1 H，t，J= 2.1， 
Ar//), 9.90 (2 H, s, CON//Ar). '^C N M R ( D M S O - / , 100。C): 5 13.0, 17.3, 18.6, 21.4, 
25.8, 28.0，28.2，28.4, 29.4, 30.5, 30.6, -39/" 58.6, 65.7, 114.87, 114.93, 127.3，127.4, 
127.9，130.0, 135.7, 139.0, 157.5, 164.9，171.0. M S (FAB) 976 (M+H+，5%). H R M S 
(L-SIMS): calcd for C58H98N6O6, 975.7621; found, 975.7626. Anal, found: C, 71.46; 
H, 9.94; N, 8.35. CssH^N^Ob requires C，71.42; H, 10.13; N, 8.61. 
(«-Ci9H39-NHC0NH-V)2-Ar-C02Bn 25i. Compound 25i was obtained as a 
white solid (4.7 g, 88%) from O-succinimidyl nonadecylcarbamate 27i (4.3 g, 10.0 
mmol). [af^ +52.5 {c 1.01，DMSO). M.p. 243-244。C. 'H N M R ( D M S O - / , 100 
°C): 5 0.84-0.93 (18 H, m, CH(C//3)2 and CH2CH2C//J), 1.25-1.37 (68 H, m, 
aliphatic H), 1.95—1.99 (2 H, m，CHC//(CH3)2)，2.95-3.06 (4 H, m, NHC//2CH2), 
4.19(2 H, dd, 8.4 and 6.6, NHC//CH), 5.35 (2 H, s, PhC//_7)，5.92 (2 H, d,J= 8.7， 
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urea N//), 5.98 (2 H, t,J= 5.6, urea N//), 7.35-7.47 (5 H, m, Ar//), 7.96 (2 H, s, Ar//), 
8.24 (I H, s, ArH), 10.04 (2 H, s, CONZ/Ar). '^C N M R ( D M S O - / , 100。C): 6 13.0， 
17.3，18.6, 21.4, 25.9, 28.0，28.2, 28.4, 29.4, 30.5, 30.6,〜39/2 从^，65.7, 114.87, 
114.93, 127.3，127.4, 127.9, 130.0, 135.7, 139.0, 157.5, 164.9, 171.0. M S (FAB) 1060 
(M+H+，3%). H R M S (L-SIMS): calcd for C64H110N6O6, 1069.8560; found, 1069.8550. 
Anal, found: C, 72.53; H, 10.57; N, 7.81. C64H110N6O6 requires C, 72.55; H, 10.46; N, 
7.93. 
(/i-C2iH43-NHC0NH-V)2-Ar-C02Bn 25j. Compound 25j was obtained as a 
white solid (4.8 g, 86%) from O-succinimidyl heneicosylcarbamate 27j (4.5 g, 10.0 
mmol). [af^ +53.1 (c 1.00，DMSO). M.p. 249-250。C. 'H N M R ( D M S O - / , 100 
°C): 5 0.86 (6 H, t,y= 6.9, CHsCHsCZ/j), 0.92 (6 H，d，6.9，CH(C//3)Me), 0.95 (6 
H, d, J = 6.9, CHMe(C//3))，1.28-1.43 (68 H, m, aliphatic //), 1.95-2.12 (2 H, m, 
CHC//(CH3)2)，3.00 (4 H, q, J = 6，NHC//2CH2), 4.19 (2 H, dd, J= 8.1 and 6.6, 
NHC//CH), 5.36 (2 H, s, PhC//』)，5.82 (2 H, d,J= 9，urea 1�1H), 5.88 (2 H, t,J= 5.6, 
urea N//), 7.37—7.47 (5 H, m，Ar//), 7.94 (2 H, d, J = 2.1, ArH), 8.19(1 H, UJ= 1.8, 
ArH), 9.80 (2 H，s, CONZ/Ar). '^C N M R ( D M S O - / , 100。C): 5 13.0, 17.3, 18.5，20.2, 
21.3，25.8, 27.9, 28.1, 28.3, 29.3，30.4, 30.6,〜39/2 65.7, 114.9, 115.0, 127.2， 
127.4, 127.8, 130.0, 135.7, 138.9, 157.5, 164.9，171.0. M S (FAB) 1116 (M+H+， 
100%). H R M S (L-SIMS): calcd for CesHngNaOe, 1115.9186; found, 1115.9192. Anal. 
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found: C, 73.17; H, 10.53; N, 7.45. QsHiisN^Ob requires C, 73.20; H, 10.66; N, 7.53. 
(H2N-V)2-Ar-C02Et 26. Trifluoroacetic acid (50.0 m L , 60 mmol) was added to a 
solution of the ester 23 (5.78 g，10 mmol) in CUiCh (100 m L ) at room temperature. 
The progress of deprotection was monitored by TLC. Upon complete deprotection 
(〜12 h), the solvent was removed on a rotary evaporator. The crude product was made 
alkaline by the addition of aqueous N a H C O j solution to p H 8. The mixture was 
extracted with CH2CI2 (50 m L x 3) and the combined organic layers were washed 
with saturated NaCl solution (100 m L x 2), dried (MgS04), filtered and evaporated in 
vacuo to remove the excess organic solvents. Compound 26 was obtained as a pale 
yellow liquid (3.7 g, 98%). [af^ -8.5 (c 0.75, CHCI3). 'H N M R ( D M S O - / , N H 2 
signal not observed): 5 0.86 (6 H, d, J = 6.9, CH(C//3)Me)，0.91 (6 H, d, / = 6.9， 
CHMe(Ci^3), 1.32 (3 H, t, J 二 7.0, OCH2C//3), 1.87-1.96 (2 H, m, CHC//(CH3)2)， 
3.11 (2 H, d，J二 5.4, NHC//CH), 4.30 (2 H, q, 7.1, OC//2CH3), 7.96 (2 H, s, Ar//), 
8.28 (I H, Ar//). " C N M R (DMSO-d^): 5 14.2, 17.9, 18.5, 29.9, 58.0，61.0, 114.7， 
115.6，130.9, 138.9, 165.2, 167.3. M S (FAB): 379 (M+H+，60%). H R M S (L-SIMS): 
calcd for C19H30N4O4, 379.2340; found, 379.2338. 
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General procedure for preparation of O-succinimidyl alkylcarbamate 
A mixture of E t O C O C l (11.5 m L , 0.12 mol) and N M M (13.2 m L , 0.12 mol) was 
added to a T H F solution (250 m L ) of the carboxylic acid (0.10 mol). The reaction 
mixture was stirred at -20 °C for 30 minutes. A n aqueous N a N s solution (16.3 g in 
100 m L water, 0.25 mol) was then added and the reaction mixture was stirred under 
nitrogen at -5 °C for 15 minutes. The reaction mixture was extracted with EtOAc 
(100 m L X 3) and the combined organic layers were washed with saturated NaCl 
solution (100 mL), dried (MgS04), filtered and evaporated on a rotary evaporator. The 
crude reaction product was then heated in toluene (100 m L ) at 65 °C for 30 minutes 
until gas ceased to evolve. Solid A^-hydroxysuccinimide (11.5 g, 0.10 mol) and 
pyridine (8.1 mL, 0.10 mol) were added successively and the reaction mixture was 
stirred for 2 h at room temperature. The product was precipitated in hexane/EtOAc 
(2/1), filtered and washed with diethyl ether (100 ml). The compound 27 was obtained 
as a white crystalline solid after flash chromatography (hexane/EtOAc =1/1). 
O-Succinimidyl butylcarbamate 27a. Starting from pentanoic acid (10.2 g, 
0.10 mol), compound 27a was obtained as a white solid (18.3 g, 85%). Rf 0.40 
(hexane/EtOAc 二 1/1). M.p. 71-72。C，'H N M R (CDCI3): 6 0.93 (3 H, t, J = 6.0, 
CH.CHsX 1.33-1.59 (4 H, m, aliphatic H), 2.82 (4 H, s, COC历)，3.24 (2 H, q,J= 7.0, 
NHC//2CH2), 5.36 (1 H, s, CON//), " c N M R (CDCI3)： 6 13.6, 19.7，25.4, 31.4, 41.7, 
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151.6, 170.6. M S (FAB) 215 (M+H+，45%). H R M S (L-SIMS): calcd for C9H14N2O4， 
215.1026; found, 215.1030. Anal, found: C, 50.55; H, 6.64; N, 13.01. C9H丨4N2O4 
requires C，50.46; H, 6.59; N, 13.07. 
O-Succinimidyl pentylcarbamate 27b. Starting from hexanoic acid (11.6 g, 
0.10 mol), compound 27b was obtained as a white solid (19.3 g, 84%). Rf 0.42 
(hexane/EtOAc 二 1/1). M.p. 74-75。C. 'H N M R (CDCI3)： 5 0.90 (3 H, t，•/二 7.5, 
CH2CH3), 1.30-1.59 (6 H, m, aliphatic H), 2.82 (4 H, s, COCH2), 3.25 (2 H, q, J= 7.0， 
NHC//2CH2), 5.24 (1 H, s, C O n H ) . " C N M R (CDCI3): 5 13.8’ 22.1, 25.4, 28.6, 28.9， 
41.9, 151.5，170.6. M S (FAB) 229 (M+H+, 25%). H R M S (L-SIMS): calcd for 
C10H16N2O4，229.1183; found, 229.1175. Anal, found: C, 52.49; H, 7.05; N，12.16. 
C10H16N2O4 requires C, 52.62; H, 7.07; N，12.27. 
O-Succinimidyl hexylcarbamate 27c. Starting from heptanoic acid (13.0 g, 
0.10 mol), compound 27c was obtained as a white solid (20.4 g, 84%). Rf 0.43 
(hexane/EtOAc = 1/1). M.p. 76-77。C. 'H N M R (CDCI3): 5 0.89 (3 H，t, J = 6.0， 
CHiCHs), 1.20-1.50 (8 H, m, aliphatic H), 2.81 (4 H, s，COCH2), 3.23 (2 H, q, J= 7.0, 
NHC//2CH2), 5.68 (1 H, s, CON//), " c N M R (CDCI3)： 5 M.l, 22.6, 25.6，26.4，29.5, 
31.4，42.2, 151.5, 170.2. M S (FAB) 243 (M+H+，25%). H R M S (L-SIMS): calcd for 
C11H18N2O4，243.1339; found, 243.1348. Anal, found: C, 54.50; H, 7.53; N, 11.48. 
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C,,Hi8N204 requires C, 54.53; H, 7.49 ； N, 11.56. 
O-Succinimidyl heptylcarbamate 27d. Starting from octanoic acid (14.4 g, 
0.10 mol), compound 27d was obtained as a white solid (21.6 g, 85%). Rf 0.43 
(hexane/EtOAc = 1/1). M.p. 78—79。C. 'H N M R (CDCI3): 5 0.89 (3 H, t，二 6.0， 
CUzCHs), 1.28 (8 H, m, aliphatic H), 1.53 (2 H, q,J= 7.0，aliphatic H), 2.81 (4 H, s, 
COCH2), 3.22 (2 H, q,J= 7.0, NHC//2CH2), 5.63 (1 H，s，CON//). '^C N M R (CDCI3): 
5 14.0’ 22.5, 25.4, 25.5, 26.3，29.4, 31.3, 42.1, 151.6，170.6. M S (FAB) 257 (M+H+, 
35%). H R M S (L-SIMS): calcd for C丨2H20N2O4，257.1469; found, 257.1507. Anal, 
found: C, 56.22; H, 8.02; N, 10.75. C,2H2oN204 requires C, 56.24; H, 7.86; N，10.92. 
O-Succinimidyl decylcarbamate 27e. Starting from undecanoic acid (18.6 g, 
0.10 mol), compound 27e was obtained as a white solid (23.9 g, 80%). Rf 0.46 
(hexane/EtOAc = 1/1). M.p. 81-82。C. 'H N M R (CDCI3): 5 0.88 (3 H, t, / = 6.0， 
CH2C//J), 1.26-1.30 (14 H, m，aliphatic H), 1.54-1.56 (2 H, m, aliphatic H), 2.82 (4 
H, s, COCH2), 3.25 (2 H, q，J= 7.0, NHC//2CH2), 5.21 (1 H, s, CON//). " C N M R 
(CDCI3): 5 14.1，22.7，25.4, 26.6, 29.2, 29.3, 29.4，29.5, 29.6, 31.9, 42.0，151.5, 170.6. 
M S (FAB) 299 (M+H+, 25%). H R M S (L-SIMS): calcd for C15H26N2O4, 299.1965; 
found, 299.1961. Anal, found: C, 60.46; H, 8.96; N, 9.29. C,5H26N204 requires C， 
60.38; H, 8.78; N, 9.38. 
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O-Succinimidyl undecylcarbamate 27f. Starting from dodecanoic acid (20.0 g, 
0.10 mol), compound 27f was obtained as a white solid (24.4 g, 78%). Rf 0.48 
(hexane/EtOAc 二 1/1). M.p. 82—83�C. 'H NMR (CDCI3): 5 0.82 (3 U, t, J = 6.6， 
CH2CH3). 1.20—1.67 (18 H, m, aliphatic H), 2.82 (4 H, s, COCf t ) , 3.21 (2 H, q,J = 
6.4，NHC//2CH2), 6.26 (1 H, s, CON//), " c NMR (CDCI3): 5 14.2, 22.8, 25.6, 26.7， 
29.3，29.5, 29.55, 29.60, 29.68, 29.74, 32.0, 42.2, 151.5, 170.3. M S (FAB) 313 
(M+H+, 33%). H R M S (L-SIMS): calcd for C16H28N2O4, 313.2122; found, 313.2106. 
Anal, found: C, 61.39; H, 9.17; N, 8.91. C16H28N2O4 requires C, 61.51; H, 9.03; N, 
8.96. 
0-Succinimidyl tridecylcarbamate 27g. Starting from tetradecanoic acid (22.8 
g, 0.10 mol), compound 27g was obtained as a white solid (26.2 g, 77%). Rf 0.48 
(hexane/EtOAc 二 1/1). M.p. 8 5 - 8 6 � C . 'H NMR (CDCI3): 5 0.88 (3 H, t, J = 6.6, 
CH2CNJ), 1.25-1.65 (22 H, m, aliphatic H), 2.82 (4 H, s, COC//2), 3.21 (2 H, q,J = 
6.6’ NHC//2CH2), 5.15 (1 H, s, CON//). '^C N M R (CDCI3): 5 14.2, 22.8, 25.6, 26.7， 
29.3, 29.5, 29.55, 29.60, 29.68，29.74，32.0，42.2，151.5, 170.3. M S (FAB) 341 
(M+H+, 28%). H R M S (L-SIMS): calcd for C18H32N2O4，341.2435; found, 341.2429. 
Anal, found: C, 63.50; H, 9.56; N, 8.02. C18H32N2O4 requires C, 63.50; H, 9.47; N, 
8.22. 
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O-Succinimidyl hexadecylcarbamate 27h. Starting from heptadecanoic acid 
(27.0 g, 0.10 mol), compound 27h was obtained as a white solid (30.3 g, 79%). Rf 
0.49 (hexane/EtOAc = 1/1). M . p . 88-89。(：. 'H N M R (CDCI3): 5 0.88 (3 H, t,J= 7.2, 
CH2CH3), 1.19—1.68 (28 H, m, aliphatic H), 2.82 (4 H, s, COCH2), 3.24 (2 H, q, J = 
6.7, NHC//2CH2), 5.30 (1 H, s，CON//), " c N M R (CDCI3)： 5 14.2, 22.8, 25.6, 26.7, 
29.3, 29.5, 29.6, 29.7, 29.8, 32.0，42.2, 151.5, 170.2. M S (FAB) 383 (M+H+, 12%). 
H R M S (L-SIMS): calcd for C21H38N2O4, 383.2904; found.. 383.2914. Anal, found: C， 
65.91; H, 10.23; N, 7.19. C21H38N2O4 requires C，65.94; H, 10.01; N, 7.32. 
O-Succinimidyl nonadecylcarbamate 27i. Starting from eicosanoic acid (31.2 g, 
0.10 mol), compound 27i was obtained as a white solid (32.3 g, 76%). Rf 0.50 
(hexane/EtOAc 二 1/1). M.p. 90-92 °C. 'H N M R (CDCls)： 5 0.88 (3 H, t, J = 6.6, 
CH2C//.O, 1.20-1.58 (34 H, m, aliphatic R), 2.82 (4 H，s, COCH2), 3.25 (2 H, q,J = 
7.8, NHC//2CH2), 5.23 (1 H, s, CONE). '^C N M R (CDCI3): 5 14.3, 22.8, 25.6, 26.7， 
29.3，29.5, 29.6, 29.7，29.8, 32.0，42.2, 151.5, 170.1. M S (FAB) 425 (M+H+, 18%). 
H R M S (L-SIMS): calcd for C24H44N2O4, 425.3374; found, 425.3358. Anal, found: C， 
67.74; H，10.60; N，6.44. C24H44N2O4 requires C, 67.89; H, 10.44; N, 6.59. 
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O-Succinimidyl heneicosylcarbamate 27j. Starting from docosanoic acid (33.0 
g, 0.10 mol), compound 27j was obtained as a white solid (34.4 g, 76%). Rf 0.50 
(hexane/EtOAc = 1/1). M.p. 92-94。C.丨H N M R (CDCI3): 5 0.86 (3 H, t, CH2C/6)’ 
1.18-1.57 (34 H, m, aliphatic H), 2.82 (4 H, d, COCH2), 3.24 (2 H, q, / = 6.7， 
NHC//2CH2), 5.23 (1 H，s，N//). '^C N M R (CDCI3)： 5 14.3, 22.8，25.6, 26.7，29.3, 
29.5, 29.6, 29.7, 29.8, 32.1, 42.3, 151.5, 170.1. M S (FAB) 453 (M+H+，11%). H R M S 
(L-SIMS): calcd for C26H48N2O4, 453.3698; found, 453.3689. Anal, found: C, 68.77; 
H, 10.87; N, 6.03. C26H48N2O4 requires C, 68.99; H, 10.69; N, 6.19. 
(Boc-NH-V)2-Ar-C02Bn 29. A mixture of Boc-NH-L-valine (8.3 g，44 mmol) 
and E E D Q (11.0 g, 44 mmol) was added to a stirred T H F solution (200 m L ) of benzyl 
3,5-diaminobenzoate 38 (4.8 g, 20 mmol) at room temperature. After 24 h, the solvent 
was removed on a rotary evaporator. The product was precipitated by the addition of 
hexane/EtOAc (2/1), filtered and washed with diethyl ether (100 mL). The product 29 
was obtained as a white crystalline solid (10.6 g, 83%) after flash chromatography 
(hexane/EtOAc = 5/2). Rr 0.26 (hexane/EtOAc 二 5/1). M.p. 167—168。C. [af^ 
-39.7 (c 1.00, CHCI3). 'H N M R (DMSO-^/^): 5 0.89 (12 H, d,J= 6，CH(C//3)2)，1.38 
(18 H, s, 'Bu\ 1.95-2.02 (2 H, m, C//(CH3)2)，3.91 (2 H, t, J = 7.5, NHC//CH), 5.35 
(2 H, s, PhC//2), 6.85 (2 H, d,J= 9, CON//CH), 7.36—7.48 (5 H, m，ArH), 7.96 (2 H, 
s, ArH), 8.31 (1 H, s, ArH), 10.19 (2 H, s, ArNZ/CO). " c N M R (DMSO-/): 5 18.5, 
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19.2，28.2, 30.2, 60.7, 66.4’ 78.1, 114.3, 114.7, 128.1, 128.2, 128.6, 130.3, 136.0, 
139.6’ 155.6, 165.3, 171.1. M S (FAB): 640 (M+H+, 15%). H R M S (L-SIMS): calcd for 
C34H48N4O8, 640.3467; found, 640.3471. Anal, found: C, 63.39; H, 7.60; N, 8.57. 
C34H48N4O8 requires C, 63.73; H, 7.55; N, 8.74. 
(H2N-V)2-Ar-C02Bn 30. Trifluoroacetic acid (50 m L , 60 mmol) was added to a 
solution of the benzyl ester 29 (6.40 g, 10.0 mol) in CH2CI2 (100 m L ) at room 
temperature. The progress of deprotection was monitored by TLC. Upon complete 
deprotection (〜12 h), the solvent was removed on a rotary evaporator. The crude 
product was made alkaline by the addition of aqueous N a H C O s solution to p H 8. The 
mixture was extracted with CH2CI2 (50 m L x 3) and the combined organic layers were 
washed with saturated NaCl solution (100 m L x 2), dried (MgS04), filtered and 
evaporated in vacuo to remove the excess organic solvents. Compound 30 was 
obtained as a pale yellow liquid (4.3 g，98%). [a]'^ -111.6 {c 0.50, CHCI3). 'H 
N M R ( D M S O - / ) : 5 0.85 (6 H, d, J = 6.9, CH(C / /3)Me), 0.91 (6 H, d. J = 6.9， 
CH(Me)C//3), 1.85-1.99 (2 H, m, C//(CH3)2), 3.12 (2 H, d， 5 . 7 , H2NC//CH), 5.35 
(2 H, s, PhC//2), 7.36-7.49 (5 H, m, ArH), 7.98 (2 H, d,J= 1.8, ArH), 8.35 (1 H, t，/ 
=1.8, Ar//). '^C N M R (DMSO-/): 5 17.4, 19.5，31.8, 60.8, 66.4, 114.4，114.7, 128.2, 
128.4，128.6，130.3，136.1，139.6, 165.4, 174.1. M S (FAB): 441 ( M + H \ • 30%). 
H R M S (L-SIMS): calcd for C24H32N4O4, 441.2496; found, 441.2505. Anal, found: C, 
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65.63; H, 7.50; N, 12.71. C24H32N4O4 requires C, 65.43; H, 7.32; N, 12.71. 
Ethyl 3,5-diaminobenzoate A suspension of 3,5-diaminobenzoic acid 31 
(7.6 g, 50 mmol) in ethanol (300 m L ) and 9 8 % sulfuric acid (15 m L ) was heated to 
reflux for 18 h. The organic solvent was removed on a rotary evaporator and the 
residue syrup was made alkaline by the addition of aqueous NasCCh solution. The 
mixture was extracted with EtOAc (50 m L x 3) and the combined organic layers were 
washed with saturated NaCl solution (100 mL), dried (MgSOq) and evaporated under 
reduced pressure to remove the excess solvents. The residue was recrystallized from 
hexane/ethyl acetate (1/1) to give the ester 32 (8.3 g, 92%) as a needle-shaped crystal. 
M.p. 125-126。(：. 'H N M R (DMSO-/): 5 1.26 (3 H, t, 7, CH2C//3), 4.20 (2 H, q, 
/二 7，C//2CH3), 4.98 (4 H, s，NH2), 6.01 (1 H, s, Ar//), 6.42 (2 H, s，Ar//). " C N M R 
(DMSO-/): 5 14.3, 60.0, 103.7, 130.9, 149.4，166.8. M S (FAB): 181 (M+H+，100%). 
3,5-Di(/^r^butylcarbonylamino)benzoic acid 36 / ° Di-/e"-butyl dicarbonate 
(76.9 g, 0.35 mol) was added slowly to a stirred solution of 3,5-diaminobenzoic acid 
31 (24.4 g, 0.16 mol) in water (300 mL)., aqueous N a O H solution (1 M , 0.16 mol) and 
T H F (300 m L ) at 0 °C. The solution was then stirred at room temperature for 24 h and 
the solvent was concentrated under reduced pressure to half of its original volume. 
Ethyl acetate (300 mL) was then added and the reaction mixture was acidified with 
89 
KHSO4 solution to p H 3. The organic layer was collected and the aqueous layer was 
extracted with EtOAc (3 x 100 mL). The combined organic layers were washed with 
water (100 m L ) and saturated NaCl solution (2 x 100 m L ) successively. The organic 
layer was dried (MgS04), filtered and the filtrate was evaporated in vacuo to give the 
crude product 36 (54.6 g, 97%) as a pale brown solid. It was used directly in the next 
step without further purification. Rf 0.61 (hexane/EtOAc = 1/3). M.p. 153-154 
(lit.70 M.p. 155。(：)• 'H N M R (DMSO-^/^, C O O H signal not observed): 5 1.47 (18 H, s, 
'Bu), 7.68 (2 H, s, Ar//), 7.86 (1 H, s, Ar//), 9.49 (2 H, s, ArN//). '^C N M R 
( D M S C W O : 5 28.2, 79.2, 112.4, 113.3, 131.4, 140.1, 152.8. 167.4. 
Benzyl 3，5-(li(胁/-butylcarbonylamino)benzoate 37. A mixture of the benzoic 
acid 36 (20.0 g, 57 mmol), K2C03(19.6 g, 142 mmol), benzyl bromide (8.8 mL，74 
mmol) and 18-crown-6 (0.01 g) was heated to reflux in acetone (250 m L ) for 24 h. 
The mixture was filtered and the filtrate was evaporated in vacuo to give the crude 
product 37 which was chromatographed on silica gel (hexane/EtOAc = 6/1) to afford 
the titled compound 37 (18.9 g, 75%) as a white solid. R、: 0.26 (hexane/EtOAc 二 5/1). 
M.p. 168-169 °C. 'H N M R (DMSO-/): 1.46 (18 H, s, 'Bu\ 5.33 (2 H, s, PhC/Zi), 
7.35-7.47 (5 H, m，Ar//), 7.72 (2 H, s, Ar//), 7.97 (1 H, s, Ar//), 9.53 (2 H, s, 
13c N M R (DMSO-/): 6 28.1, 66.1，79.2，112.6, 112.9, 127.9, 128.1, 128.5, 130.2, 
136.2, 140.3，152.7, 165.5. M S (FAB) 442 (M+H+’ 55%). H R M S (L-SIMS): calcd for 
90 
C24H30N2O6，442.2098; found, 442.2094. Anal, found: C, 65.24; H, 6.89; N, 6.22. 
C24H30N2O6 requires C, 65.14; H, 6.83; N, 6.33. 
Benzyl 3,5-dianiinobenzoate 3 8 , Trifluoroacetic acid (42 mL, 0.54 mol) was 
added to a stirred solution of compound 37 (11.9 g, 27 mmol) in dry CH2CI2 (150 m L ) 
at room temperature. After 24 h, the solvent was evaporated on a rotary evaporator 
and the residue was redissolved in CH2CI2 (100 mL). The solution was neutralized 
with N a H C O s solution to p H 8. The organic layer was collected and the aqueous layer 
was extracted with CH2CI2 (3 x 100 mL). The combined organic layers were washed 
with N a H C O s solution (100 mL), water (100 m L ) and saturated NaCl solution (100 
mL). It was then dried (MgS04)，filtered and evaporated in vacuo to give a pale 
brown solid which was chromatographed on silica gel (hexane/EtOAc = 1/1) to give 
benzyl 3,5-diaminobenzoate 38 (5.7 g, 87%) as a pale orange solid. Rf 0.32 
(hexane/EtOAc 二 1/1). M.p. 155-156 °C. 'H N M R (DMSO-/): 5.01 (4 H, s, ArN//?)， 
5.25 (2 H, s, PhC/72), 6.04 (1 H, s, ArH), 6.47 (2 H, s, ArH), 7.34-7.44 (5 H, m, Ar//). 
13c N M R (DMSO-/): 65.6, 103.7，103.8, 128.0，128.3, 128.5, 130.5，136.5，149.4, 
166.6. M S (FAB) 242 (M+H+, 100%). H R M S (L-SIMS): calcd for C14H14N2O2’ 
242.1050; found, 242.1050. 
91 
1,3-Didodecylurea 39.67 八 mixture of dodecylamine (0.9 g, 5.0 mmol) and 
diisopropylethylamine (1.0 m L , 5.0 mmol) were added to a T H F solution (100 m L ) 
of the dodecyl isocyanate (1.0 g, 4.7 mmol). The reaction mixture was stirred at room 
temperature for 4 h. The insoluble crude solid product was filtered, collected and was 
washed with boiling /7-hexane (100 mL), acetone (100 m L ) and T H F (100 m L ) 
successively to afford the titled compound 24 as a white solid (1.5 g, 80%). M.p. 
195-196 °C. 'H N M R ( D M S O - / , 100。C): 5 0.88 (6 H，t, J = 6.6, CHzCHzC/Zj), 
1.22-1.50 (40 H, m, aliphatic H), 2.99 (4 H, q, J= 6.6，CONHC//2CH2), 5.46 (2 H, s, 
urea NH). " c N M R ( D M S O - / , 120。C): 5 12.8, 21.2, 25.7, 27.8, 27.9, 28.1，28.2, 
29.4, 30.5, 38.9，157.6. M S (FAB) 396 (M+H", 30%). H R M S (L-SIMS): calcd for 
C25H52N2O, 396.4154; found, 396.4176. Anal, found: C 75.69; H, 13.21; N, 7.06. 
C21H44N2O requires C, 75.79; H, 13.32; N., 7.15. 
92 
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